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FOREWORD 


This  is  the  third  and  final  report  prepared  for  the  Air  Force  Flight  Test  Center  by  the  Bell 
Ae.osystems  Company  under  Contract  AF04(611)-6079,  "Storable  Propellant  Data  for  the  Titan  H 
Program,  ’  Project  6753  and  Task  30282.  Mr.  C.F.  Enide  (FTRLP)  of  AFFTC  was  Program 
Manager  and  Mr.  Glen  W.  Howell  of  the  Space  Technology  Laboratories,  Los  Angeles,  California, 
was  Coordinator.  Mr.  Ralph  R.  Liberto,  Project  Engineer  of  Bell  Aerosystems,  directed  the 
study  effort.  Research  under  this  contract  started  on  15  June  1960  and  ended  on  15  April  1961. 
Results  of  the  effort  are  reported  in  this  handbook.  At  a  later  date,  a  revision  to  this  handbook 
will  be  prepared  as  part  of  the  task  under  Contract  AF04(647)-846. 

Harold  W.  Stafford 
Technical  Editor 
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ABSTRACT 


Summarized  are  the  physical  properties,  materials  compatibility,  handling  techniques,  flam¬ 
mability  and  explosivity,  and  procedures  for  storing,  cleaning,  and  flushing  of  the  Titan  11  propellants, 
NgC ,  as  the  oxidizer  and  a  nominal  50/50  blend  of  UDMH  and  as  the  fuel.  The  data  presented 
was  ao*'ived  both  from  a  literature  survey  and  from  a  test  program  conducted  at  Bell  Aerosystems 
Company  and  at  the  U.S.  Bureau  of  Mines. 
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SYMBOLS/ABBREVIATIONS  USED  THE  TEXT 


AFBMD 

Air  Force  Ballistic  Missile  Division 

AFFTC 

Air  Force  Flight  Test  Center 

ARDC 

Air  Research  and  Development  Command 

ADL 

Arthur  D.  Little,  Inc. 

JPL 

Jet  Propulsion  Laboratory 

STL 

Space  Technology  Laboratories,  Inc. 

AEROZINE-50 

Trade  name  adopted  by  Aerojet-General  (Nominal  50/50  blend  by 
weight  of  UDMH  and  N2H^) 

50/50  FUEL  BLEND 

Nominal  50/50  blend  by  weight  of  UDMH  and  ,H^ 

NO2 

Nitrogen  Dioxide 

N2H4 

Hydrazine,  Specification  Grade  MIL-P-26536A  (USAF) 

N2O4 

Nitrogen  Tetroxlde,  Specification  Grade  MIL-P-2d530(USAF),  an 
Equilibrium  Mixture  of  NO2  and  N2O4 

RFNA 

Red  Fuming  Nitric  Acid 

UDMH 

Unsymmetrical  Dlmethylhydrazine,  Specification  Grade 
MIL-D-2S6C4B(ASG) 

M.A.C. 

Maximum  Allowable  Concentration 

MPY 

Mils  per  Year 

ppm 

Parts  per  Million  by  Volume 

RASCAL 

Components  of  the  LR-67-BA-0  rocket  engine  produced  by  Bell 
Acrosystems  for  the  GAM-63A  (RASCAL)  Missile 

SIT 

Spontaneous  Ignition  Temperature(8) 

Metal  and  alloy  designations  used  in  this  handbook,  such  as  type  304  8S,  are  those  established 
by  the  cognizant  agencies  and  used  in  the  trade. 
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SECTION  1.0 
INTRODUCTION 


SECTION  1.0 
INTRODUCTION 

A  storable  propellant  combination  of  1^20^  as  the  oxidizer,  and  a  nominal  SO/50  blend  of  UDMH 
and  N2H^  as  the  fuel,  has  been  selected  for  the  Titan  11  ballistic  missile.  These  propellants  were 
studied  by  Bell  Aerosystems  Company  and  the  resultant  data  on  physical  properties,  materials  com¬ 
patibility,  handling,  safety,  and  flammability  and  exploslvity  is  published  in  this  handbobt .  The  in¬ 
formation  was  compiled  from  Industry  and  government  data  and  from  trade  literature.  Laboratory 
tests  were  conducted  to  augment  available  data  and  to  help  in  analyzing  information. 
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SECTION  2.0 

PHYSICAL  PROPERTIES  OF  50/50  FUEL  BLEND 


The  luel  blend,  comprising  a  50/50  mixture  of  UOMH  and  N^H^,  is  a  clear,  colorless,  hygro¬ 
scopic  (capable  of  absorbing  moiatuie  readily)  liquid  having  a  characteristic  ammonlacal  odor. 
When  the  blend  is  exposed  to  air,  a  distinct  fishy  odor  is  evident  in  addition  to  the  ammonia  odor, 
this  is  probably  caused  by  the  air  oxidation  of  UDMH. 

The  UDMH  and  N.H.  are  miscible  in  all  proportions.  When  combined,  there  is  an  immediate 
2  4 

tendency  for  each  to  dissolve  in  the  other.  However,  because  of  their  different  densities,  they  are 
easily  layered;  UDMH  above  the  N^H^,  especially  when  UDMH  is  poured  into  a  vessel  containing 
N^H^.  Under  these  conditions,  a  distinct  interface  may  form  (Reference  1). 

In  the  pages  that  follow,  additional  physical  property  data  is  presented  for  this  fuel  blend. 

The  information  was  obtained  from  the  literature  or  from  laboratory  tests  conducted  at  Bell 
Aerosystems.  Table  2.1  summarizes  pertinent  physical  properties  of  the  fuel  blend. 

The  boiling  point  of  the  fuel  blend  listed  in  Table  2.1  is  interpolated  from  the  measured  v^por 
pressure  data  plotted  in  Figure  2.4.  At  the  boiling  point,  the  concentration  of  UD14H  in  the  vapor 
phase  is  approximately  92%  by  weight.  At  77”  F,  the  concentration  of  UDMH  in  the  vapor  phase  is 
approximately  95%  by  weight  (Reference  1).  During  distillation  of  this  blend,  a  wide  temperature 
range  is  noted  between  the  point  at  which  10%  by  volume  is  distilled  and  the  90%  by  volume  is  dis¬ 
tilled.  This  temperature  difference  is  80”F  fTable  2.6).  This  blend  is  not  a  constant  boiling 
mixture. 
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TABLE  2.1 

PHYSICAL  PROPERTIES  OF  THE  50/50  FUEL  BLEND 


Structural  Formula  of  the  Fuel 

Molecular  Weight  (ave) 

Melting  Point  ^ 

Bolling  Point  ^ 

Physical  State 

Density  of  Liquid  at  IT'F  ^ 

Viscosity  of  Liquid  at  77''F  * 

Vapor  Pressure  at  77°F 
Critical  Temperature  (calc) 

Critical  Pressure  (calc) 

Heat  of  Vaporization  (calc) 

Heat  of  Formation  at  77‘’F  (calc) 
Specific  Heat  at  77*F  (calc) 
Thermal  Conductivity  at  77*F  (calc) 


^N-N 
H  H 


18.8“F 

158.2*F 


UDME 


CHg 

CII3 


N-N 


Colorless  Liquid 
56.1  lb/ft3 

54.9  X  10-5  ib/ft-sec 


2.75  psla 
634*F 


1696  psla 
425.8  BTU/lb 
527.6  BTU/lb 
0.694  BTU/lb-*F 
0.151  BTU/ft-hr-“F 


a  -  Measured  on  samples  of  the  fuel  blend  of  typical  composition 
(51.0%  N2H4,  48.2%  UDMH,  and  0.5%  H2O). 

b  -  Fuel  blend  composition  31.0%  N2H4,  48.4%  UDMH,  and  0.6%  H2O. 


(Reference  1) 
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2  1  FUKL  BLEND  SPECIFICATION 

A  tentative  specification,  MIL-P-27402(USAF),  is  available  for  the  50/50  fuel  blend.  This 
specification  contains  a  method  for  performing  analyses  to  fulfill  the  chemical  requirements  given 
in  Table  2.2.  This  method  is  the  salicylaldehyde  method  which  is  based  upon  a  differential  titration 
and  determines  UDMH  directly  and  indirectly.  Water  content  and  other  soluble  impurities  are 
calculated  by  difference. 


TABLE  2.2 


PROPELLANT  SPECIFICATION  - 

50/50  FUEL  BLEND 

Chemical  Requirements 

Specification 
(wt  %. 

UDMH 

47.0  (mini 

N2H4 

51.0  ±0.8 

Total  N2H4  and  UDMH 

08.2  (min) 

H2O  and  Other  Soluble  Impurities 

1.8  (max) 
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2.2  MELTING  POINT 

Figure  2,1  contains  melting  point  data  for  various  mixtures  of  UDMH  and  obtalnea 
from  JPL,  Aerojot -General  Corporation,  and  Bell  Aerosy-stems  Company.  The  Bell  and  Aero¬ 
jet  data  for  the  fuel  blend  composition  agree.  The  melting  point  of  the  fuel  blend,  as  estimated 
by  Aerojet,  can  range  from  about  iT*  to  2rF,  thereby  meeting  the  composition  requirements  of 
the  procurement  specification  (see  Table  2.2). 


MELTING  POINT  - 

•f 


Figure  2.1.  Melting  Point  vs  Percent  Weight  of  UDMH  in  N2H4 
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2.3  DENSITY 

Figures  2.2  and  2.3  present  density  and  specific  gravity  data  for  the  fuel  blend  as  reported 
by  Aerojet-General  Corporation  (Reference  1). 


DENSITY  -  Ib/cu  ft 


(Reference  1) 

Figure  2.2.  Density  of  50/50  Fuel  Blend 


AFFTC  TR-61-32 


2-5 


SECTION  ZO 
50/50  FUEL  BLEND 


SPECIFIC  GRAVITY 
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TEMPERATURE  -  ’F 


Figure  2.3.  Specific  Gravity  of  50/50  Fuel  Blend 
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2.4  V.APOR  PRESSURE 

This  fuel  ir  a  mixture  of  UDMH  and  NjH^,  with  UDMH  possessing  the  higher  vapor  pressure. 
The  vapor  pressure  of  a  liquid  mixture  depends  upoii  me  composition  of  the  mixture  and  is  the 
sum  of  the  parcial  pressures  of  each  gas  at  a  constant  temperature.  However,  as  one  of  the  more- 
volatile  components  vaporizes  from  a  liquid  mixture  (in  this  case  UDMH)  into  a  large  volume 
space  (ullage)  above  it,  the  vapor  pressure  of  the  resulting  liquid  mixture  decreases.  Inversely, 
as  the  volume!  space  above  the  liquid  mixture  decreases,  the  vapor  pressure  of  the  liquid  in¬ 
creases.  A  preliminary  experiment  was  conducted  at  Bell  to  determine  the  effect  this  would  have 
when  the  vapor  pressure  of  the  fuel  blend  was  measured  at  different  ullages  employing  an  all-glass 
evacuated  system  and  an  isoteniscop.3.  At  80‘F,  the  vapor  pressure  at  20%  ullage  was  3.7  psia,  at 
50%  ullage  3.3  psia,  and  at  75%  ullage  2.3  psia.  Although  the  fuel  blend  used  was  slightly  out  of 
specification,  the  effect  of  ullage  was  demonstrated. 

Table  2.3  and  Figure  2.4  contain  the  vapor  pressure  of  the  50/50  ^uel  blend  at  various  tem- 
peratuies  and  at  46%  ullage.  The  Bell  experimental  points  were  obtained  with  the  apparatus  shown 
and  described  in  Reference  2. 

TABLE  2.3 

VAPOR  PRESSURE  OF  50/50  FUEL  BLEND  AT  46%  ULLAGE 


Temperature 

(”F) 

Vapor  Pressure 
(psia) 

14.0* 

0.55 

23,0* 

0.71 

32.0* 

0.92 

68.0* 

2.09 

77.0  a 

2.75 

85.3  ^ 

3.08 

86.0* 

3.42 

104.0  * 

5.00 

108.9  b 

5.30 

122.0  a 

7.30 

135.3  b 

9.29 

140.0  * 

10.50 

159.8  * 

15.10 

a  -  Aerojet-General  Corporation  ejqperimental  data  (Reference  1). 

b  -  Bell  Aerosystems  Company  experimental  data  (Reference  2). 
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PRESSUKE  -  psia 


Figure  2.4,  Vapor  Pressure  of  50/50  Fuel  Blend 
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2.5  VISCO&TTY 


T!ie  viscosity  of  the  50/50  fuel  blend  was  measured  by  Aerojet -General  Corporation  over  the 
liquid  range  (Reference  1).  Fi(;urc  2.5  is  a  plot  of  viscosity  in  centlstokes  versus  temperature  of 
the  fuel  blend. 


VISCOSITY  -  centlstoke 


TEMPERATURE  -  *F 

(Reference  1) 


Figure  2.5.  Viscosity  of  50/50  Fuel  Blend 
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2.6  HEAT  CAPACITY 

Heat  capacity  data  of  the  50/50  fuel  blead,  as  calculated  by  Aerojet-General  Corporation,  is 
presented  in  Table  2.4  and  plotted  in  Figure  2.6.  Dell  measured  the  heat  capacity  of  the  fuel  blend 
at  two  temperatures  using  the  method  of  mixtures  described  in  Reference  2.  The  Bell  experimental 
data  agrees  within  0.5%  of  the  Aerojet  calculated  data. 


TABLE  2.4 

HEAT  CAPACITY  OF  50/60  FUEL  BLEND 
(Calculated  by  Aerojet -General) 


Temperature 

(°F) 

21 

35 

63 

81 

96 

133 

153 

230 

350 

420 


Heat  Capacity 
(BTU/lb-*F) 

0.68? 

0.684 

0.602 

0.696 

0.'/02 

0.700 

0.715 

0.743 

0.780 

0.814 
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2.7  FLASH  AND  FIRE  POINTS 

Flash  and  fire  point  measurements  made  with  a  modified  Cleveland  Open-Cup  Tester  (Ref¬ 
erence  2)  resulted  In  the  data  presented  in  Table  2.5  and  plotted  In  Figure  2.7.  The  tests  indicate 
ttiat  the  fuel  blend  .must  be  diluted  with  at  least  an  equal  volume  of  water  before  the  fire  hazard  is 
reduced  appreciably.  A  dilution  of  three  volumes  of  water  to  two  volumes  of  fuel  blend  is  required 
io  increase  the  flash  and  fire  point  temperature  to  160°F. 

TABLE  2.5 

FLASH  AND  FIRE  POINTS  OF  50/50  FUEL  BLEND 
WITH  VARIOUS  WATER  DILUTIONS 

(Using  a  Modified  Cleveland  Open-Cup  Tester) 


H2O  in  Fuel  Blend 
(vol  %) 

Flash  Point 
(‘F) 

Fire  ..-oint 

rr) 

Undiluted 

38 

38 

10 

40 

40 

20 

35 

35 

50 

110 

125 

60 

180 

180 

65 

180 

200 

75 

>  212 

>  212 
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(Reference  2) 


Figure  2.7.  Flash  and  Fire  Points  of  50/50  Fuel  Blend  with  Various  Water  Dilutions 
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2.8  DISTILLATION  RANGE 

Tho  distillation  range  of  the  50/50  fuel  blend,  together  with  analyses  of  various  fractions,  is 
shown  in  Table  2.6.  When  the  fuel  blend  is  heated,  the  Initial  condensed  vapors  are  richer  in  the 
more-volatile  UDMH;  as  the  distillation  process  continues  with  increasing  temperature,  the  con¬ 
densed  distillate  becomes  richer  in  the  less- volatile  NgH^. 


TABLE  2.6 

DISTILLATION  RANGE  OF  THE  50/50  FUEL  BLEND 

Blend  Composition  by  Weight  % 

UDMH  48.7 

N2H4  50.4 

H2O  +  impurities  0.8 


Temperature 

(“F) 

Volume  % 
(Distilled) 

Distillate 

Analyses 

149.0 

First  Drop  Distilled 

158.0 

10 

86.0%  UDMH,  8.0%  N2H4 

161.6 

20 

85.0%  UDMH,  9.0%  N2H4 

167.0 

30 

. 

170.6 

40 

- 

194.0 

50 

79.0%  UDMH,  16.0%  N2H4 

233.6 

60 

- 

235.4 

70 

- 

235.4 

80 

100%  N2H4 

239.0 

90 

95%  N2H4 

NOTE:  Fuel  fractions  were  analyzed  spectrally  employing  calibration 
curves  covering  the  UDMH  and  N2H4  concentration  range  of  45% 
to  55%  by  weight.  The  analytical  results,  obtained  by  extrap¬ 
olating  the  calibration  curves,  aie  approximate.  N«H.  at  the 
90%  fraction  probably  contains  hydrazine  hydrate.  ^  ^ 

(Reference  2) 


AFFTC  TR-61-32 


2.14 


SECTION  ZO 
50/50  FUEL  BLEND 


2.9  SOLUBILITY  OF  PRESSURIZING  GASES 

Tlie  solubility  of  nitrogen,  helium,  and  ammonia  in  the  50/50  fuel  blend  was  determined  using 
the  apparatus  shown  in  Reference  2  and  the  procedure  described  iu  Reference  3.  Resuii.s  of  these 
tests  are  shown  in  Table  2.7. 


TABLE  2.7 

SOLUBILITY  OF  VARIOUS  GASES  IN  50/50  FUEL  BLEND 


Pressurizing 

Gas 

Temperature 

("F) 

Solubility 
(wt  %) 

Final  Gas  Pressure 
(psia) 

Nitrogen 

70.0 

<  0.01 

86.0 

32.0 

<  0,01 

70.4 

Helium 

71.5 

0.012  i  0.008 

63.6 

33.0 

<  0.008 

60.7 

Ammonia 

57.5 

0.26  1:0.01 

38.0 

70.0 

0.25  <0.01 

44.4 

2,10  SHOCK  SENSITIVITY 

To  determine  the  shock  sensitivity  of  the  50/50  fuel  blend,  tests  were  conducted  at  room  tem> 
perature  using  a  drop-weight  tester  and  a  procedure  developed  by  Olin  Mathleson  Chemical  Corpor¬ 
ation.  The  procedure  is  acceptable  to  the  Joint  Army-Navy-Air  Force  Panel  on  Liquid  Propellant 
Test  Methods.  Results  of  these  tests  show  that  the  liquid  fuel  blend  is  not  shock  sensitive  at  the 
highest  impact  value  (8  foot-pounds)  produced  by  the  tester  (Reference  2). 
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SECTION  3.0 

PHYSICAL  PROPERTIES  OF 

The  compound  NgO^  is  an  equilibrium  mixture  of  nitrogen  tetroxide  and  nitrogen  dioxide 
^^2^4^  2N02).  At  68°F  and  at  a  pressure  of  one  atmosphere,  the  liquid  consists  of  84.2%  N2®4 
in  equilibrium  with  15.8%  NOj  as  shown  in  fable  3.1  and  Figure  3.1. 

In  the  solid  state,  N„0 .  is  colorless;  in  the  liquid  state,  the  equilibrium  mixture  is  yellow  to 
red-hrown;  and  in  the  gaseous  state,  it  is  red-brown.  The  fumes  exhibit  a  characteristic  pungent 
and  irritating  odor. 

The  oxtdir.er,  N2O4'  reacts  with  water  forming  nitric  acid  and  nitrous  acid.  The  nitrous  acid 
undergoes  decomposition  immediately  forming  additional  nitric  acid  and  evolving  nitric  oxide 
(Reference  30).  This  strong  oxidizer  is  hypergollc  with  fuels  such  as  UDMH,  NjH^,  and  aniline. 

Th<s  section  of  the  handbook  contains  physical  property  data  for  NjO^.  The  Information 
was  obtained  from  a  literature  survey.  Table  3.2  summarizes  the  pertinent  physical  properties 
ofNjO^. 


TABLE  3.1 

EQUILIBRIUM  VALUES  -  PERCENT  DISSOCIATION  OF  N2O4 
N2O4  2N02 


Temperature 

(“F) 

Pressure 

(psia) 

JLl 

14.7 

20.4 

68 

10.5 

15.8 

7.2 

104 

38.7 

31.0 

15.1 

140 

66.0 

50.4 

28.2 

176 

85.0 

73.8 

46.7 

212 

03.7 

88.0 

66.5 

(Reference  5) 
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PERCENT 

DISSOCIATION 


TEMPERATURE  — "F 


Figure  3.1.  Equilibrium  Values  -  Dissociation  of  Na04 
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TABLE  3.2 

PHYSICAL  PROPERTIES  OF  N2O4 


Empirical  Formula 

Structural  Formula 

Molecular  Weight 
Physical  State 
Melting  Point 
Boiling  Point 

Heat  Formation  at  TT'F  (Liquid) 
Vapor  Pressure  at  77®F 
Viscosity  at  77''F 

Density  at  77*F 

Heat  Capacity  at  70*F 

Critical  Temperature 

Critical  Pressure 

Thermal  Conductivity  at  40*F 
and  200  psU 

Heat  Vaporization 

Heat  of  Fusion 


N2O4  TZ  2N02 

^n-n 
0-^  0 


92.016 


Red-brown  liquid 
11.84*F 
70.07'F 
-87.62  BTU/lb 


17.7  psia 

0.0002706  Ib/ft-sec 
0.410  centlpolae 

80.34  lb/ft2 

0.370  BTU/ib-*F 

sie.o^F 

1460  psia 

0.0812  BTU/ft-hr-*F 


178  BTU/lb 
68.4  BTU/lb 


Reference 

3 

6 

5 

5 

5 

5 

41 

5 

7 

7 

5 

5 

5 

5 

5 

5 

5 
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3.1  SPECIFICATION 

The  chemical  requirements  for  procuring  were  taken  from  Specification  MIL.P-26539 
(USAF)  dated  18  July  1960,  These  requirements  are  presented  in  Table  3.3,  The  specification 
contains  procedures  for  performing  propellant  analysis.  The  assay  is  determined  directly 
by  titration.  The  water  content  is  determined  directly  by  evaporating  and  weighing  the  nitric 
acid  remaining.  The  water  equivalent  in  this  acidic  non-volatile  matter  is  based  upon  the  assump¬ 
tion  that  it  is  70%  nitric  acid,  Nitrosyl  chloride  (NOCl)  content  is  determined  by  colorimetric 
means.  The  non-volatile  ash  is  determined  by  evaporating  to  dryness  and  igniting  the 
residue  at  high  temperatures.  Tlie  percentage  of  non-volatile  ash  is  calculated  from  the  ash  that 
remains. 


TABLE  3.3 

PHOPELIANT  SPECinCATION  -  N2O4 


Chemical  Requirements 

Specification 
(wt  %) 

N204  Assay 

99.5  (min) 

H2O  Equivalent 

0.1  (max) 

Chloride  as  NOCl 

0.08  (max) 

Non-Volatile  Ash 

0.01  (max) 
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3.2  VAPOR  PRESSURE 

Vapor  prebsure  data,  ab  a  function  of  temperature,  is  presented  in  Table  3.4  and  plotted  in 
Figure  3.2. 


TABLE  3.4 

Vapor  pressure  of  N2O4 


Temperature 

(°F) 

Vapor 

Pressure 

(psla) 

Temperature 

(‘F) 

Vapor 

Pressure 

(psla) 

11.8 

2.70 

180 

163.29 

14 

2.00 

190 

106.35 

32 

5.08 

200 

235.01 

50 

8.56 

210 

281.56 

68 

13.02 

220 

332.8 

70 

14.78 

230 

393.2 

80 

18.08 

240 

46.3.3 

90 

24.21 

250 

543.9 

100 

30.60 

260 

636.3 

no 

38.62 

270 

732.6 

120 

48.24 

280 

864.1 

130 

59.98 

290 

1000.5 

140 

74.12 

300 

1160.1 

150 

91.06 

310 

1336.5* 

160 

111.24 

316.8  b 

1460.0* 

170 

139.14 

a  -  Value  extrapolated. 

b  -  Critical  pressure  estimated  from  measured  critical  teiiq>erature. 


(References  1  and  5) 
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(References  1  and  5) 


Figure  3.2.  Vapor  Pressure  of  N2O4 
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3.3  DENSrrY 

Table  3.5  and  Figures  3.3  and  3.4  contain  density  and  specific  gravity  values  as  a  function  of 
temperature  for  NjO^. 


TABLE  3.5 

DENSITY  OF  UQUID  N2O4 
(Under  Its  Own  Vapor  Pressure) 


Temperature 

(“F) 

Specific 

Gravity 

Density 

(lb/lt3) 

(Ib/gal) 

11.8 

I.SIS 

94.54 

12.62 

32.0 

1.4{)0 

93.05 

12.44 

50.0 

1.4V3 

91.77 

12.27 

88.0 

1.447 

90.34 

12.08 

77.0 

1.431 

89.34 

11.94 

95.0 

1.412 

88.15 

11.76 

104.0 

1.400 

87.40 

11.66 

113.0 

1.388 

86.61 

11.56 

118.4 

1.379 

86.05 

11.49 

122.0 

1.375 

85.80 

11.45 

129.2 

1.363 

85.05 

11.35 

(References  1  and  5) 
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3.4  VISCOSITY 

Th3  viscosity  of  in  the  liquid  phase  from  40"  to  zBO^F  is  presented  in  Table  3.6  and 

plotted  in  Figures  3.5  and  3.6.  Figure  3.5  shows  the  effect  of  temperature  on  the  viscosity  of 

N  O.;  Figure  3.6  shows  the  effect  of  pressure  on  viscosity  of  NjO^. 

2  4 


TABLE  3.6 

VISCOSITY  OF  N2O4  IN  THE  LIQUID  PHASE 
Temperature  (**?) 


40 

70 

100 

130 

160 

190 

220 

250 

280 

Bubble  Pressure  (psia) 

14.8 

30.7 

60.0 

111.2 

196.4 

332.8 

543.9 

864.1 

Pressure  (psia) 

Viscosity  (centipoise) 

Bubble  Point 

0.4090 

0.4132 

0.3420 

0.2784 

0.2235 

0.1752 

0.1325 

0.0924 

0.0570 

200 

0.5021 

0.4155 

0.3441 

0.2800 

0.2250 

0,1753 

400 

0.5055 

0.4180 

0.3470 

0.2820 

0.2281 

0.1804 

0.1350 

600 

0.5090 

0.42U6 

0.3405 

0.2840 

0.2310 

0.1850 

0.1420 

0.0948 

800 

0.5121 

0.4232 

0.3520 

0.2861 

0.2334 

0.1896 

0.1482 

0.1028 

1000 

0.5150 

0.4260 

0.3544 

0.2880 

0.2355 

0.1939 

0.1530 

0.1100 

0.0630 

1250 

0.5190 

0.4297 

0.3566 

0.2906 

0.2380 

0.1975 

0.1598 

0.1179 

0.0713 

1500 

0.5230 

0.4330 

0.3587 

0.2919 

0.2400 

0.2010 

0.1646 

0.1252 

0.0798 

1750 

0.5270 

0.4366 

0.3608 

0.2949 

0.2420 

0.2040 

0.1686 

0.1319 

0.0881 

2000 

0.5310 

0.4400 

0.3628 

0.2965 

0.2440 

0.2083 

0.1720 

0.1370 

0.0940 

2200 

0.5345 

0.4433 

0.3649 

0.2990 

0.2459 

0.2060 

0.1742 

0.1400 

0.0990 

2500 

0.5382 

0.4470 

0.3670 

0.3010 

0.2480 

0.2098 

0.1764 

0.1430 

0.1045 

2750 

0.5422 

0.4502 

0.3691 

0.3024 

0.2496 

0.2110 

0.1785 

0.1444 

0.1090 

3000 

0.5465 

0.4535 

0.3713 

0.3042 

0.2510 

0.2127 

0.1800 

0.1470 

0.1120 

3500 

0.4593 

0.3753 

0.2070 

0.2540 

0.2151 

0.1822 

0.1510 

0.1170 

4000 

0.4655 

0.3792 

0.3095 

0.2568 

0.2183 

0.1850 

0.1532 

0.1210 

4500 

0.4714 

0.3830 

0.3118 

0.2600 

0.2200 

0.1880 

0.1555 

0.1249 

5000 

0.4782 

0.3869 

0.3145 

0.2625 

0.2229 

0.1900 

0.1579 

0.1280 

(Reference  5) 
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ABSOLUTE  VlSCOSyTY 
centipoise 


palm 


SUABLE  FONT 

cunv® 


(Reference  5) 


Figure  3.5.  Effect  of  Temperature  on  Viscosity  In  the  Liquid  Phase,  N2O4 
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Fiipire  3.6.  Effect  of  Pressure  on  Viscosity,  Liquid  N2O4 
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3.5  HEAT  CAPACITY 

Table  3.7  contains  experimental  heat  capacity  data  for  NgO^.  Figure  3.7  is  a  plot  of  these 
points,  as  well  as  calculated  points  obtained  by  T.F.  Morey  (Reference  9). 


TABLE  3.7 

HEAT  CAPACITY  OF  LIQUID  N2O4 


Temperature 

(°F) 

Heat  Capacity 
(BTU/lb-'’F) 

20.5 

0.3564 

27.0 

0.3578 

36.1 

0.3598 

48.6 

0.3624 

56.8 

0.3652 

64.8 

0.3667 

(Reference  8) 
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3,6  SOLUBUTTY  OF  PRESSURIZING  GASES 

The  solubility  of  nitrogen  and  helium  In  was  determined  using  the  apparatus  shown  in 
Reference  2  and  the  procedure  described  in  Reference  3.  Results  of  these  tests  are  presented  in 
Table  3.8. 


TABLE  3.8 

SOLUBILITY  OF  NITROGEN  AND  HELIUM 
IN  UQUID  N2O4 


Pressurising 

Gas 

Temperature 

(*F) 

Solubility 

(wt%) 

Final  Gas  Pressure 
(psia) 

Nitrogen 

70 

0.20  ±0.01 

63.7 

32 

0.14  ±0.01 

64.2 

Helium 

73 

0.04  ±0.01 

54.3 

32 

0.02  ±0.01 

55.4 

(Reference  4) 
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SECTION  4.0 

MATERIALS  COMPATIBILITY,  50/50  FUEL  BLEND 

4.1  EFFECTS  OF  FUEL  BLEND  ON  METALS 

As  a  result  of  laboratory  tests  Interpreted  on  the  basis  of  practical  experience,  the  individ¬ 
ual  metals  have  been  placed  into  four  ratings  similar  to  those  used  by  the  Defense  Metals  Informa¬ 
tion  Center  (Reference  17). 

A:  These  metals  are  suitable  lor  unrestricted  use  with  the  50/50  fuel  blend. 

Corroslcn  rates  are  less  than  1  MPY.  Typical  uses  are  storage  containers 
and  valves  where  the  propellant  is  in  constant  contact. 

B;  These  metals  are  for  restricted  uses  with  the  50/50  fuel  blend,  such  as  transient 
or  limited  contact.  The  corrosion  rates  are  a  maximum  of  6  MPY.  Typical  uses 
are  for  valves  and  lines  on  aerospace  ground  equipment,  for  hardware  that 
contacts  the  propellant  Intermittently  in  the  liquid  and  vapor  phases,  and  for 
pumps  and  feed  lines  in  which  the  residence  time  is  limited  to  loading  and  unloading. 

C:  These  metals  have  limited  resistance  and  corrosion  rates  between  5  and  50 

MPY.  Typical  use  is  where  the  metals  are  exposed  to  spillage  and  momentary 
contact,  such  as  test  stand  hardware  and  aerospace  ground  equipment.  These 
metals  nig"  have  application  where  corrosion  can  be  tolerated  to  the  extent  that 
it  will  not  affect  functional  operations. 

D:  These  metals  are  not  recommended  for  use  because  their  corrosion  rates  exceed 

50  MPY  and  they  cause  propellant  decomposition. 

Table  4.1  contains  pertinent  conqiatlbility  daU,  references,  and  ratings  for  some  metals 
and  metal  alloys  eiqposed  to  the  50/50  fuel  blend. 

4.1.1  Aluminum  Alloys 

Aluminum  aUoys  are  protected  from  corrosion  by  naturally  occurring  oxide  films  on 
their  surfaces.  In  certain  alkaU  media  like,  50/60  fuel  blend,  the  aluminum  alloy  is  highly  resistant 
to  attack.  Often,  the  presence  of  foreign  substances  in  the  medium,  rather  than  the  degree  of  alka- 
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Unity,  is  the  controlling  factor  in  the  corrosion  of  aluminum  alloys.  The  non-sparking  tendencies 
of  these  alloys  are  desirable  when  handling  explosive  .and  flammable  liquids. 

The  mechanical  properties  of  the  aluminum  alloys  are  not  affected  by  exposure  to  the 
50/50  fuel  blend  (References  4,  10,  and  11).  There  is  no  apparent  correlation  between  the  alloying 
constituents  of  the  aluminum  alloys  and  corrosion  resistance  in  this  fuel  blend. 

Welded  2014-T6  was  given  a  "B"  rating  after  exposure  to  fuel  blend  containing  3% 
water.  Except  for  this  case,  the  other  aluminum  alloys  show  excellent  resistance  to  the  50/50  fuel 
blend.  Rather  than  weight  loss,  most  of  these  alloys  experience  slight  weight  gains  after  fuel  ex¬ 
posure.  Consideration  is  to  be  given  to  the  proper  cleaning  and  surface  preparation  of  aluminum 
alloys  to  remove  any  heterogeneity  on  the  surface  resulting  from  fabrication  techniques. 

s.1.2  Stainless  Steels 

The  fuel  blend  is  a  reducing  agent  and  is  slightly  alkaline.  From  the  standpoint  cf 
corrosion  rate,  the  stainless  steels  are  unaffected.  Staining  and  minor  deposits  have  been  found  in 
the  vapor  phase  of  304L,  321,  347,  17-7  PH,  410,  and  440C  stainless  steels  which  had  not  been  acid- 
pickled  prior  to  test  (Reference  4).  Acld-plckling  remedies  the  deposit  formation  on  the  300  series 
SS  but  does  not  for  410.SS.  Similar  deposits  are  not  found  on  PH  15-7  Mo,  AM  355,  (•.nd  3iC  stain¬ 
less  steel  alloys  which  did  not  receive  acid-pickling  (Reference  4).  Apparently,  the  existence  of 
molybdenum  In  these  alloys  affords  protection  from  the  formation  of  deposits. 

In  general,  the  use  of  molybdenum-bearing  stainless  steel  alloys  with  are 
avoided;  however,  instances  are  cited  in  Reference  3  where  Rocketdyne,  Aerojet,  JPL,  and  Beli 
Aerosystems  h'>ve  used  alloys  of  this  type  with  without  adverse  Incident.  Testing  of  these 
stainless  steel  alloys  with  the  fuel  blend  at  160“ F  for  90  days  (Reference  4)  resulted  in  an  "A" 
rating  lor  each  alloy.  Type  316  stainless  steel  was  given  an  "A"  rating  when  tested  with  the?  fuel 
blend  containing  up  to  16%  water. 

4,1.3  Ferrous  Alloys 

Under  ordinary  temperatures,  both  moisture  and  oxygen  are  necessary  for  the  cor¬ 
rosion  of  ferrous  alloys  In  neutral  or  near-neutr.’!  media.  Low  concentrations  of  alkali  have  little 
to  no  effect  on  the  corrosion  of  these  alloys.  Care  should  be  exercised  when  using  ferrous  alloys 
because  of  the  possible  catalytic  decomposition  of  the  fuel  blend  due  to  rust. 

Fuel  blend  spread  on  a  rusted  iron  surface  in  contact  with  air  may  generate  enough 
heat  to  cause  spontaneous  ignition.  Experiments  at  Aerojet  show  that  the  probability  of  such  rt- 
actlons  is  lev;  at  ordinary  ambient  temperatures.  Drops  of  fuel  blend  on  heavily  rusted  surfaces 
in  an  air  atmosphere  at  150“  to  160’F  did  not  ignite  (Reference  1). 
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Rust  oxidizes  an<i  may  be  a  decomposition  catalyst  under  certain  conditions. 

Aerojet  rapidly  added  a  laboratory  quantity  of  to  a  few  grams  of  ferric  oxide  at  room  tem¬ 

perature  without  any  evidence  of  gross  effects  (Reference  1).  However,  if  two  to  three  drops  of 
N  H  are  dropped  onto  a  layer  of  ferric  oxide  spread  on  the  bottom  of  a  glass  flask,  ignition  occurs 
in  air  at  room  temperature  (Reference  44).  The  NjH^-air  interface  in  the  latter  case  is  relatively 
large  and  the  decomposition  due  to  oxidation  by  both  air  and  ferric  oxide  is  so  rapid  that  the 

N  H  quickly  ignites.  In  a  nitrogen  blanket,  ignition  did  not  occur  until  the  nitrogen  was  replaced 
2  4 
by  air. 

These  experiments  indicate  that  the  surface  area  of  the  rust,  the  volume  of  liquid 

NjH^,  and  the  presence  of  air  are  important  factors  in  the  rapid  decomposition  of  NjH^.  Vapors 

of  N  H  near  235”  F  are  especially  susceptible  to  eaqilosive  decomposition  and  metal  oxides  such 
2  4 

as  rust  undoubtedly  contribute  to  this  reaction. 

4.1.4  KTvVel  Alloys 

In  generiU,  nickel  and  nickel  alloys  are  corrosion  resistant  to  the  50/50  fuel  blend. 

4.1.5  Titanium  Alloys 

Titanium  alloys  are  resistant  to  50/50  fuel  blend  corrosion. Titanium  C120AV  has  been 
tested  with  the  50/50  fuel  blend  containing  as  much  as  16%  water  without  adverse  effects. 

4.1.6  Magnesium  Alloys 

Magnesium  alloys  show  poor  resistance  to  the  50/50  fuel  blend. 

4.1.7  Cobalt  Alloys 

Haynes  Stellite  25,  a  cobalt-chrome  alloy,  exhibits  good  reslstonce  to  the  fuel  blend. 

4.1.8  Copper  Alloys 

Berylco  25  darkens  during  ejqmsure  to  the  fuel  blend,  but  exhibits  good  corrosion  re¬ 
sistance.  In  general,  copper  alloys  are  recommended  only  for  limited  use  with  the  fuel  blend 
(Reference  15). 

4.1.9  Platings 

Gold-plated  Berylco  25  darttens  during  ejq?osure  to  the  fuel  blend,  but  mdiibits  good 
corrosion  resistance.  Hon-porous  chromium  and  nickel  platings  are  satisfactory;  electroless 
nickel  is  unsatisfactory  for  fuel  blend  service.  Cadmium  and  silver  plating  are  satisfactory  for 
use  with  the  fuel  blend. 
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4.1.10  Conversion  Co.^tings 

Sulfuric  acid  anodize,  Hardas  (hardcoat)  anodize,  and  iridite  are  the  most  resistant 
conversion  coatings  used  on  aluminum  alloys.  A  simple  fluoride  coaling  on  2014-T6  aluminum  is 
beneficial  after  exposure  to  the  fuel  blend  (Reference  45). 

4.1.11  Miscellaneous 

Titanium  carbide  with  a  nickel  binder  is  resistant  to  the  fuel  blend.  Microseal  100-1 
and  100- ICG  graphite-ceramic  type  coatings  on  two  magnesium  alloys  do  not  protect  the  alloys 
from  corrosion. 
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TABLE  4.1 


COMPATIBILl  l  Y  OF  METALS  WITH  50/50  FUEL  BLEND 
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TABLE  4.1  (CONT) 

COMPATIBILITY  OF  METALi?  WITH  50/50  FUEL  BLEND 
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TABLE  4.1  (CONT) 

COMPATIBILITY  OF  METALS  WITH  50/50  FUEL  BLEND 


AFFTC  TR-61-32 


4-8 


SEaiON4.0 
Sn/SO  PUS.  BLEND 


I 

i  TABLE  4.1  (C(»IT) 

COMPATIBILITY  OF  METALS  WITH  50^0  FUEL  BLEND 


j  li  \  -  Dtflnttloiia  ct  ratine*  glvn  oa  pig*  4-1, 

I:  b  -  PridlctMl  Titlng  from  Intorfle* 
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TABLE  4.1  (CONT) 

COMPATIBILITY  OF  METALS  WITH  50/50  FUEL  BLEND 


MATKHIAL 


TEMPERATURE 


UQUm 


STATIC  EXPCSfRE 
T  VAPOR 


DEGREES  X  //  X  / 
l^AHRENHEi  r  /  y 

AMwv, 


II  COPPER 
11  ALLOYS 


Beryleo  25 

160 

PLAUNGS 

Cadmium 

Chromium 

(non-porotti 

Copper 

1 

65-60 

Gold  on 
Beryleo  20 

160 

Nickel 
Electroly¬ 
tic  (non- 
poroua) 

55-60 

Electroleae 

55-60 

Silver 

55-60 

Tin 

55-60 

Zinc 

llHM 

COATfliqB 

I014-T6 


eoei-TO 


HsHas 

(Bardeoat) 

Anodiatt 

S0U-T6  55-60 


a  -  DeftalUona  d  ratings  art  given  on  page  4-1. 
b  -  Predicted  rating  from  Interface  dam. 


Darkened 


Darkened 


Loet  walgM;  ataln  at 
latartMa;  up  to  10% 

a|0 

Qalned nelgbt;  opto 
10%E|O 
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TiUnlum  180  00 

Carblda  wltl 
Nickel 
Binder 

Silver  Solder  58-60  ISO 

Microseal  ISO 
100-1 
costing  on 
AMIOOA 
Magnesium 

Microeeal  ISO  H 
100-1 CG  I 

Coating  on  | 

AZOIC  I 

Magnesium  I 


4  I  Coating  porous 
I  metal  attacked 


4  I  Coating  porous, 
I  metal  attacked 


a  ~  Definitions  of  ratings  are  given 
b  -  Predicted  rating  from  Interface  daU. 
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TABLE  4.1  (CONT) 

COMPATIBIUTY  OF  METALS  WITH  50/50  FUEL  BLEND 


IIATIK4L 


TEMPT  lUTlFHt^ 


UEdHEEl  X 

FAHflTp'JlEir 


_ MTillTir  ETMUItf _ 

LIQUID  I  VAPOfl  I  ZHTtATACt 


MCp 

I  (PI 

«0«i-TtAl  l«ii 

nir4aM|  «Hi|. 

T!fl  Flll*r 

UITtfl  IH 
SbUtand 

«llil  l^rp 

Tki 

hrT  iiLvvr 
DtmbiI  viih 
fair  FIq 
JMr 

»t  CIMR  4 

347  Mm-  1«0 
cnbnud 
AW9  4T74 


iLxi: 


3014^71  Al 
Dfitfad  la 

mm 

aoi4-Tf  *i  Si-m 

BolUdhd 

Ui*4!t 

TUUklun 

iDld.Tt  A1  too 

•Oll-Ti  A1 

IPU-TI  Al 
(rnn»nlc 
WildAOlfl 
3X1  If 


Tia  BidApr  AuPjiMd 


■tAlalA 


lr  min  iHtiuw 
VAHAqp  cndkp  IP 
vnal  piHrOwlui 


a  —  Definitions  of  ratings  are  given  on  page  4>l. 
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TABLE  4.1  (CONT) 

COMPATIDIUTY  OF  METALS  WITH  50/50  FUEL  BLEND 
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4.2  EFFECTS  OF  FUEL  BLEND  ON  NONMETALS 

Government  specifications^  on  rubbers  and  plastic  fabricated  parts  intended  for  packings  and 
seals  show  that  the  physical  property  effects  to  be  minimized  are  volume  change,  durometer  change, 
effect  on  media,  an  j  visual  examination  in  terms  of  surface  appearance.  The  specifications  contain 
different  values  for  volume  change  and  durometer  change.  Using  the  ranges  called  for  in  the  spec¬ 
ifications,  the  following  ratings  were  derived  for  the  nonmetals: 


A 

B 

C 

D 

Volume  Change,  % 

0  to 

-10  to  .1^25 

-10  to  ±25 

<-10  or>  +  25 

rxirometer  Reading 
Change 

±3 

±10 

±10 

<-10  or>  +  10 

Effect  on  Propellant 

None 

None 

Slight  Change 

Severe 

Visual  Examination 

No  Change 

No  Change 

Slight  Change 

r* 'solved,  severely 
blistered  or  cracked 

Definitions  for  these  ratings  are  as  follows: 

A:  Satisfactory  for  service  under  conditions  indicated. 

B:  Use  with  knowledge  that  it  wilt  swell  or  shrink  and/or  change  in  hardness. 

C:  Satisfactory  for  ground  support  where  preventative  maintenance  can  be  scheduled. 

Also  good  for  actual  missile  service  where  slight  discoloration  of  pn^llant  and 
extracted  residue  is  tolerable. 

D:  Unsatisfactory  for  use. 

Table  4.2  contains  compatibility  data,  references,  and  ratings  for  several  nonmetals  ex¬ 
posed  to  the  50/50  fuel  blend. 

The  fuel  blend  can  dissolve,  attack,  or  decompose  nonmetals  such  as  plastics,  elastomers, 
lubricants,  and  coatings.  These  reactions  usually  cause  degradation  or  complete  destruction  of  the 
material.  The  fuel  can  extract  components  from  the  material  or  be  absorbed  by  the  material, 
thereby  altering  the  physical  properties.  The  nonmetals  investigated  embrace  a  wide  variety  of 


a-  Government  Specifications: 


MIL-R-2765A 

MIL-R-3065B 

MIL-R-8791A 

HH-P-131C 

HH-P-166A 


Rubber,  Synthetic,  Oil  Resistant  (Sheet,  Strip,  and  Molded  Shapes). 
Rubber  Fabricated  Parts. 

Retainer  Packing,  Hydraulic  and  Pneumatic,  Tetrafluorethylene. 
Packing,  Metallic  and  Nonmetallic,  Plastic. 

Packing,  Nonmetallic. 
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chemical  and  physical  structures;  as  such,  methods  of  fabrication  and  geometrical  factors  greatly 
inllticnce  the  behavior  of  the  material. 

For  example,  many  materials  can  be  used  as  gaskets  or  seals  where  a  definite  compression 
set  limitation,  and  in  all  probability  a  volume  change  limitation,  is  requiied  for  sealing.  The  gasket 
or  seal  can  be  enclosed  between  two  metal  surfaces  with  only  a  small  portion  exposed  to  the  fuel. 
The  swelling  characteristics  of  this  type  exposure  are  of  less  Importance  than  the  swelling  obtained 
from  complete  immersion  in  the  fuel  where  volume  change  is  magnified.  Tensile  properties  play 
a  small  role  in  the  application  of  a  material  as  a  gasket .  For  this  reason,  use  of  the  nonmetals 
must  be  weighed  in  terms  of  the  physical  properties  desired. 

4.2.1  Plastics 

Teflon  and  Teflon  products  are  chemically  resistant  to  the  50/50  fuel  blend. 

Nylons  31,  63,  and  101  vary  in  composition  and  are  highly  inert  to  most  solvents; 
however,  their  resistance  to  the  50/50  fuel  blend  is  limited  to  90  to  120  days  at  70  to  80  F  (Ref¬ 
erences  1  and  15).  At  lOOT,  the  nylons  failed  within  30  days  (Reference  4'. 

The  polyethylenes  have  fair  resistance  to  solvents  and  have  a  limited  use  temperature 
range.  In  the  50/50  fuel  blend,  they  are  subject  to  stress  cracking  (Reference  1),  The  irradiated 
polyethylene  is  the  most  resistant.  Kel-F  300  shows  cracking  tendency  (Reference  1)  after  70  days 
at  70®  to  80®  F  and  darkens  and  becomes  brittle  within  30  days  at  180* F  (Reference  4). 

4.2.2  Elastomers 

Butyl  rubbers  are  characterized  by  good  reslstjmce  to  aging  and  superior  properties 
over  natural  rubbers.  They  are  compounded  to  attain  desirablo  properties.  Most  butyl  rubbers 
exhibit  good  resistance  to  the  50/50  fuel  blend. 

The  fluorosllicones  characterized  by  good  heat  resistance  and  fair  resistance  to 
solvents  show  poor  resistance  to  the  fuel  blend.  This  is  also  true  of  the  fluororubbers. 

4.2.3  Lubricants  and  Sealants 

All  lubricants  except  Microseal  100-1  dissolve  or  wash  out  to  varying  degrees  when 
exposed  to  the  50/50  fuel  blend.  The  UDMH  Lube  is  the  most  satisfactory  based  upon  service  and 
dynamic  tests  performed  on  an  0-rlng  (Reference  4).  Lox  Safe,  ANDQK-C,  and  S#58-M  oil  show 
promise  and  could  be  considered  for  service.  Reddy  Lubes  100  and  200  and  water  glass/grapliite 
blend  are  satisfactory  sealants  with  the  fuel  blend. 
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4.2.4  Pottiag  Compounds  ami  Ceramics 

Only  Crystal  M  &  CF,  a  potting  compound,  is  satisfactory  for  limited  use  with  the 
fuel  blend.  Temporell,  Sauereisen  P-1  and  31,  and  Rockflux  are  ceramics  satisfactory  for  ser¬ 
vice  with  the  fuel  blend. 

■1.2.5  Adhesive.s 

Armstrong  A-6  and  HT  424  are  adhesives  reported  satisfactory  for  service  with  the 

fuel  blend. 

4.2.6  Paints 

Tests  to  date  Indicate  that  no  paints  arc  compatible  with  the  fuel  blend. 
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COMPATIBILITY  OF  NONMETALS  WITH  50^0  FUEL  BLEND 


a  -  DaflnltioM  of  ratiiiga  art  gtTM  or.  pag* 
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TABLE  4.2  (CONT) 

COMPATIBIUTY  OF  NONMETALS  WITH  50/50  FUEL  BLEND 


PLASTICS 

(CONT) 

e....  ... 

f - ■ 

r~~i 

e - 

y'  ■ 

f  1 

Fluorinatud 

PropyleiM 

Co-polynwr 

Teflon  (F£P) 

55-00 

160 

A 

15 

up  to  9%  H^O  1 

70-80 

60 

A 

1 

1 

160 

30 

B 

4 

Shrinks  15.8%  | 

Poljrchloro* 
trlfl«wro> 
•thy  lone 

Itel-FSOO 

UnpUstt- 

cls«d 

55-60 

70-60 

ISO 

to 

A 

B 

16 

1 

Uptoh%H/> 

Bardsnsd,  eraokiai 
ttadsney 

160 

30 

D 

4 

Blaeksnad,  bscanw 
trsfllc 

K«i-F 

Annaaled 

55-60 

90 

A 

15 

l%HsO 

Polyothylmw 

Low  Denatty 

55-60 

90 

A 

11 

Hi  Denalty 

160 

30 

C 

4 

Shrinks  10.1% 

Marlex  60 
HlDmaUy 

58-60 

90 

B 

15 

9%  HgO,  shrinks  9.9% 

Polyolefln 

White  liuni- 

160 

90 

A 

4 

Black  Inau- 

160 

90 

C 

4 

Fuel  dlseolorsd 

a  —  Datlnlttona 

oi  ratines  arc  firtn  on  paft  4-14. 
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COMPATIBIUTY  OF  NONMETALS  WITH  50/50  FUEL  BLEND 
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TABLE  4.2  (CONT) 

COMPATIBIUTY  OF  MONMETALS  WITH  50/50  FUEL  BLEND 
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COMPATIBILITY  OF  NON  METALS  WITH  50/50  FUEL  BLEND 
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COMPATIBILITY  OF  NONMETALS  WITH  50/50  FUEL  BLEND 
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COMPATIBILITY  OF  NONMETALS  WITH  50/50  FUEL  BLEND 
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COMPATIBILITY  OF  KONMETALS  WITH  50/50  FUEL  BLEND 
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COMPATIBILITY  OF  NONMETALS  V  'H  50/50  FUEL  BLEND 
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■i.J  EFFECTS  OF  FUFI..  BLEND  ON  MATERIALS  OF  CONSTRUCTION 

Table  4.3  is  a  list  ol'  cr-Uhtruction  materials  showing  the  compatibility  results  of  short  ex- 
pnsure  to  fuel  blcrid  lic'uiJ  spillage,  fuel  blend  vapors,  and  watered  fuel  blend.  Details  of  these  tests 
arc  given  in  Hefoi  etice  4.  Coatings  and/or  surface  treatments  were  applied  to  various  materials  to 
ascertain  life  expectancy.  Of  the  organic  coatings,  Sauereisen  47  exhibits  the  best  resistance. 
Rockflux,  an  inorganic  concrete  coating  material  having  a  viscous  consistency  when  mixed  with 
water,  appears  to  be  resistant  to  the  50/50  fuel  blend.  However,  bare  concrete  is  unaffected  by 
ttie  fuel  blend. 

TABLE  4.3 

COMPATIBIM  rv  OF  CONSTRUCTTON  MATERIALS  WITH 
50/50  FUEL  BLEND 


Material 

Temperature 

(“F) 

Exposure 

Time 

Remat  Ks 

Birch  Wood 

75 

2  hr  30  min 

Wood  grain  split 

Concrete 

Bare 

75 

13  hr 

No  visual  effect 

Coated  with  water  glass 

75 

1  hr  30  min 

Water  glass  cryutalized 
and  powdered  off 

Coated  with  water  glass 
and  floor  enamel  (Esco 
Brand  41138) 

75 

1  hr  15  min 

Paint  blistered 

Coated  with  water  glass 
and  Chex-Wear  floor 
enamel 

75 

6  min 

Paint  blistered 

Coated  with  Rockflux 

75 

10  hr  30  min 

No  visual  effect 

Mild  Steel  Coated  with 

Tygon  K  paint 

75 

1  hr 

Paint  blistered 

Catalac  Improved  paint 

75 

1  hr  30  min 

Grainy  appearance;  lifted 
when  totally  Immersed 

Co-Polymer  P-200G 

75 

3  min 

Paint  was  removed 

Sauereisen  47 
(4  coatings) 

75 

7  hr 

First  coating  was  removed 
In  one  hour;  blistered  but 
did  not  penetrate  4 
coatings 

CA  9747  Primer  paint 

75 

10  min 

Blistered  and  discolored 

Corrosite  Clear  581 

75 

1  hr  15  min 

Blistered 
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4.4  EFFECTS  OF  METALS  ON  FUEL  BLEND  DECOMPOSITION 

To  determine  the  effects  of  materials  on  fuel  decomposition,  portions  of  unwelded,  welded, 
brazed,  and  soldered  metal  specimens  were  sealed  in  Pyrex  glass  ampules  with  a  small  quantity 
of  50/50  fuel  blend  and  placed  In  test  for  14  days  at  160*?.  Blanks  containing  only  fuel  blend  also 
were  Included  as  (controls.  After  test,  a  weight  loss  of  th»  fuel  blend  was  indicative  of  decompos¬ 
ition.  Details  of  this  test  are  presented  in  Reference  2.  The  metals  tested  are  shown  in  Table  4.4, 
Although  the  data  obtained  with  this  procedure  is  inconclusive,  the  specimens  do  not  show  signs  of 
attack  or  discoloration  and  the  fuel  blend  does  not  show  signs  of  discoloration.  Since  the  fuel 
samples  subjected  to  spectral  analyses  are  no  worse  than  the  control  samples,  no  decomposition 
is  attributable  to  the  metals. 


TABLE  4.4 

METALS  TESTED  FOR  DETERMINING 
50/50  FUEL  BLEND  DECOMPOSITION 


Alumlnma  Alloys 
2014.T6 
2014-T6 
5086  H-36 
5456  H-321 
6061 -T6 


manual  welded  and  unwelded 
machine  welded 
manual  welded  and  unwelded 
mamtal  welded  and  unwelded 
manual  welded,  brazed,  and  unwelded 


Stainless  Steels 
304L 
321 
347 
410 


annealed,  manual  welded  and  unwelded 
annulled,  manual  welded  and  unwelded 
aimealed,  manual  welded,  nlcrobrazed,  and  unwelded 
H  ft  T,  manual  welded  and  unwelded 


A-Nickel 


manual  welded  and  unwelded 
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4.5 


EFFECTS  OF  CONTAMINANTS  ON  FUEL  BLEND 


2014  >,p..  S04.  2...  »47  *««  “ 

50/50  o  el  btad  at  lOO'  F  .or  14  day.  t«  d...rn.l.«  th.  poteoll.1  eltela  »I  coataadnaat.  o.  the  lu. 
PU  X  durlao  .y..e».  ataadlaaturt...  The  metal  llUa*.  were  ..led  la  Pyre.  ,1...  «n- 
e  rnte.  hur.  aad,  a«.r  teat,  the  tael  bleed  weloht  loe.  md.e«ed 
2  and  4)  Alth««h  the  data  obttdaed  leea,  eaeh  teet  la  laeoaelaei..,  ao  yl.u.1  chaage.  are  a^" 
Her  tl  luel  bleed  or  the  metal  .111*..  Alee,  ao  ,».ltl.e  preeaur.  deteeted  apoa  op«d.. 

the  test  ampules. 

Teeu  were  made  with  0061  alaatbwa,  alloy,  type  347  etalal...  «eel  ehartaw ,  aad  Hat 

A  i  <riasa  fiafika  fitted  wlth  reflux  condensers  (Reference  2). 
nosed  to  the  50/50  fuel  blend  contained  in  glass  flasks  fitt  ^ 

H  ae  week  at  1«-F,  a.  .leaal  chaagea  were  detected  la  either  the  lael  or  the  mebd,  ^ 
“la.  aaalyee,  o,  th.  .eel  ladlealed  a.  deembpoeltlom  WIU,  Uat.  the  »«ly«.  o. 'Ib¬ 
is  hampered  by  th.  abaorptloa  ot  th.  11«  dye;  however,  otmer^dloa.  darlag  tee.  ladlcal. 

decomposition. 
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SECTION  5.0 

MATERIALS  COMPATIBILITY,  N20^ 

5  1  EFFECTS  OF  NjO^  ON  METALS 

As  a  result  of  laboratory  tests  interpreted  on  the  basis  of  practical  experience,  the.  individual 
metals  are  placed  into  the  classifications  described  in  Section  4.0,  page  4-1  of  this  handbook. 

Table  5.1  contains  pertinent  compatibility  data,  references,  and  ratings  of  several  metals  and 
metal  alloys. 

5.1.1  Aluminum  Alloys 

Aluminum  alloys  behave  as  stable  matertals  because  they  are  covered  with  a  naturally 
occurring  thin  oxide  film  that  is  highly  resistant  and  protective.  These  alloys  have  been  known  to 
withstand  nitric  acid  above  82%  by  weight.  Moist  N^O^  produces  80%  to  70%  by  weight  nitric  acid. 
The  radical  difference  between  aluminum  alloys  and  stainless  steel  alloys  is  that  the  corrosion  rate 
of  stainless  steel  aUoys  in  nitric  acid  decreases  as  the  concentration  is  reduced,  whereas  the  <wo- 
slte  is  true  of  aluminum  alloys. 

Certain  aluminum  aUoys  exhibit  higher  corrosion  rates  when  exposed  to  NjO^  con¬ 
taining  varying  water  contents.  The  *lnc-bearlng  7075  aluminum  alloy  corrodes  at  a  faster  rate  than 
the  copper-bearing  2024  aluminum  alloy.  Under  identical  test  conditions,  both  alloys  corrode  faster 
than  5052  and  1008  aluminum  aUoys;  3008  aluminum  aUoy  exhlbtts  the  lowest  corrosion  rate 
(Reference  1).  The  evidence  indicates  that  the  purer  the  aluminum,  the  less  the  corrosion  in  NjO^ 
containing  Increased  water  content.  The  slgnUlcance  is  not  apparent  untU  NjO^  contains  greater 

than  0.3%  water. 

The  aUoys  tested  cover  a  variety  of  casting  and  wrought  alloys  that  are  characterised 
by  good  strei«th,  weldablUty,  formablUty,  and  corrosion  resistance. 

There  was  no  major  difference  in  mechanical  properties  as  a  result  of  the  testtng  in 
the  presence  of  having  a  water  content  of  0.2%  maximum  and  u«  to  a  temperature  of  188'P. 
There  was  no  effect  on  the  alloy  tested  when  in  contact  with  Teflon  (Reference  18).  The  criterion 
for  resistance  of  the  aUoys  is  the  water  content  of  the  NgO^. 

The  appUcatlon  of  a  heavier  oxide  film  by  electrolytic  means  or  chemical  conversion 
does  not  result  in  a  major  difference  in  corrosion  regardless  of  the  water  content  of  the  N^O^. 
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5.'  2  Stainless  Steels 

The  stainless  steels  mentioned  in  Table  ii.  1  are  a  cross-section  of  alloys  that  are 
durable,  heat-  and  corrosion- resistant,  and  non-contaminating.  They  contain  at  least  12%  chrom¬ 
ium,  often  7%  or  tviore  nickel,  and  additives  such  ns  molybdenum,  columbium,  and  titanium.  In¬ 
cluded  are  the  hardensble  heat-resistant  alloys  which  lack  nickel.  All  these  alloys  are  resintant 
to  *'120, j  oxidizing  conditions,  including  the  presence  of  nitric  acid. 

Maximum  corrosion  resistance  of  the  stainless  steels  can  be  atUiined  by  proper 
iaoricatioii  techniques.  The  effect  of  welding,  brazing,  and  improper  heat  treatments  on  the 
corrosion  resistance  of  stainless  steels  is  well  known,  included  in  Tabic  5.1  are  specimens  pre¬ 
pared  by  means  of  acceptable  fabrication  procedures. 

A  limited  number  of  ^20^  metal  corrosion  tests  conducted  by  the  Nitrogen  Di  vision 
of  Allied  Chemical  Corporation  (Reference  16)  indicates  that  the  presence  of  Teflon  can  Increase 
the  corrosion  rate  of  type  304L  SS.  However,  corrosion  rates  of  304L  SS  with  and  without  Teflon 
are  less  than  1  MPY  with  Bpeclfluation-grade  1^20^  at  1S5”F  for  70  days  and  with  N20^  con¬ 
taining  as  much  as  2%  water  at  115”?  for  109  days. 

Under  the  test  conditions  stated  In  Table  5.1,  regardless  of  the  source  of  informa¬ 
tion,  there  is  no  major  difference  in  the  mechanical  properties  of  stainless  steel.  This  includes 
welded,  nicrobrazed,  tln-soIdered,  and  sliver-brazed  joints.  Tin  solder  and  silver  brazing  are 
readily  attacked  by  dilute  nitric  acid;  therefore,  this  fabrication  procedure  must  be  used  with 
discretion  becpuse  severe  corrosion  could  occur  with  increased  water  content  of  the  N20^. 

5.1.3  Ferrous  Alloys 

The  ferrous  alloys  are  not  known  to  have  high  resistaiicc  to  oiddizing  conditions  and 
their  use  is  a  matter  of  economics.  This  is  specifically  true  when  nitric  acid  is  the  oxidizer; 
however,  at  high  concentrations  of  nitric  acid,  the  corrosion  rate  reaches  a  low  value.  The 
ferrous  alloys  are  unaffected  by  N20^  having  0.4%  water  maximum  up  to  165*  F.  A  limited  number 
of  tests  conducted  by  the  Nitrogen  Division  of  Allied  Chemical  Corporation  (Reference  16)  indicates 
that  the  presence  of  Teflon  can  increase  the  corrosion  rate  of  carbon  steel.  However,  corrosion 
rates  of  ASTM-A285  grade  C  are  less  than  I  MPY  when  exposed  to  specification-grade  N20^ 
at  IIS^F  for  109  days  and  165* F  for  70  days. 

5.1.4  Nickel  Alloys 

In  general,  oxidizing  conditions  promote  corrosion  of  nickel  alloys.  Nickel  can  pro¬ 
tect  itself  against  certain  fc< ms  of  attack  by  developing  a  passive  oxide  film;  thus,  oxidizing  con¬ 
ditions  do  not  always  accelerate  the  corrosion  of  nickel.  While  these  alloys  show  good  resistance 
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to  dry  NgO^,  caution  is  advised  in  their  use  with  moist  NgO^.  An  exception  to  this  is  Inconel  which 
has  good  corrosion  resistance  to  oxidizing  condltioi  s. 

5.1.5  Titanium  Alloy .s 

Commercially  pure  titanium  is  outstandinK  among  structural  materials  in  its  resis¬ 
tance  at  ordinary  temperatures  to  oxidizing  conditions.  Titanium,  when  passivated,  is  the  noble 
metal  in  a  galvanic  couple  with  all  structural  alloys  except  Monel  and  stainless  steels.  The 
titanium  alleys  are  generally  less  resistant  to  corrosion  than  commercially  pure  titanium.  Care 
has  been  exercised  in  exploring  new  combinations  of  titanium  alloys  and  corrosive  mediums.  Tills 
;s  due  to  its  pyrophoric  properties  in  RFNA  and  Us  impact  sensitivity  with  liquid  oxygen  and 
fluorine.  However,  it  is  only  in  the  case  of  liquid  oxygen  that  the  reaction  may  propagate  and 
completely  consume  the  titanium.  In  most  cases,  even  though  ignition  occurs,  the  damage  Is  not 
significantly  greater  than  that  resulting  from  the  Impact  alone.  A  smooth,  surgically  clean  titarnum 
surface  minimizes  the  reaction  (Referei.ee  22).  The  data  in  Table  5.1  shows  that  the  titenium  alloys 
are  virtually  unaffected  by  and  moist  up  to  25%  by  weight.  No  ill  effects  occur  when 
coupled  to  2014-T6  aluminum  alloy  in  N^O^.  (See  Propellant  Handling,  Section  6.0,  for  additional 
data  substantiating  the  use  of  titanium  with  NgO^.)  All  testing  to  date  Indicates  that  titanium 
alloys  are  satisfactory  for  use  with  ^2^4’ 

5.1.6  Magnesium  Alloys 

Magnesium  alloj's  corrode  In  and  corrosion  products  form  on  the  surface  of  the 

metals. 

5.1.7  Copper  Alloys 

Berylco  25  exhibits  a  corrosion  rate  of  less  than  1  MPY;  however ,  because  corrosion 
products  form  on  the  surface  of  this  alloy  and  arc  easily  refill. vnI,  a  ”C'  rating  is  assigned. 

5.1.8  Cobalt  Alloys 

Haynes  Stellites  No.  6K  and  25  exhibit  good  corrosion  resistance  with  NjO^. 

5.1.9  Platings 

Gold-plated  Berylco  25  exhibits  a  corrosion  rate  less  than  1  MPY;  however,  because 
corrosion  products  form  on  the  surface  and  are  removed  easily,  a  "C  rating  Is  assigned.  Non- 
porous  chromium,  nickel  plating,  and  electroless  nickel  are  satisfactory  for  NjO^  service. 
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5.1.10  Conversion  Coatings 

There  is  evidence  to  show  that  sulfuric  acid  aii>odlze,  Hardas  ano  .  and  iriditu 
aluminum  conversion  coatings  are  resistant  to  exposure. 

5.1.11  Miscellaneous  Alloys 

Silver  solder,  as  reported  in  Reference  10,  becomes  badly  pitim!  <2^4 
month  and  exhibits  a  high  corrosion  rate.  Tantalum  exhibits  good  corrosion  ?  ■’ ..  tar.ce  to  ^2^4’ 


\ 


TABLE  5.1  (CONT) 
COMPAllBIUTY  OF  METALS  WITH 


SECTION 

N2O4 


STATIC  EXPOBUM _ 


No  effect,  up  to  0..t!% 


Up  to  0.4%  HgO 
Up  to  0.0%  HgO 

"B"  rating  at  0.3%  to 
1.0%  HgO 


Up  to  0.4%  H,0 
Up  to  0.0%  HgO 

1.0%  HjO 

S.3%  H,0 
Up  to  0.9%  B,0 

1.0%  Hj,0 

3.0  to  3.0%  Hj|0 
Up  to  0.4%  HgO 
0.8%  H,0 
i.e%  H,0 


3.8%  H,0 


0.5%  HjG 

1.0%  HjO 

2.0  to  3.0%  HgO 

<0.4%  HjjO 
0.4  to  3.2%  Hj,0 


a  —  Deftnitiona  of  Ritinge  are  given  on  page  4-1. 
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TABLE  6,1  (COKT) 
COMPATIBIUTY  OP  METALS  WITH 


MATERIAL. 


TEMPERATURE 

DECREES 
FAHRENHEIT  J 


LIQUID 


STATIC  EXPOBU 


VAPOR 


ALUMINUM  I 

ALLOYS 

(CONT) 

S0M-H38 

Unwelded 


Welded 

Sa84-F  63-67 

64S6.H24  SS-60 

Welded  and 
Unwelded 

S456-H321 
Unwelded  58-60 
63-67 

Stresaed  to  55-60 
30.000  pel 

Welded  55-60 

Stresaed  to  85-60 
80,000  pal 

6061 -T6  86-60 

Unwelded  63-67 


Welded 


7075-T6 


RfMARII 


0.8%  H,0 

0.1%  H|0 

0.6%  H,0 

0.8%  HjO 


0.8%  H,0 
0.8%  HgO 
Up  to  0.6%  H^O 


0.6%  H,0 


_  -  Definitions  of  ratinga  are  glvni  on  page  4-1. 
b  —  Predicted  rating  from  interface  data. 
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el  JO 


Mint 

cufd.  n 


-  OeflKitioM  ol  raUagB  an  glvan  on  page  4-1. 

—  Prediclod  rating  from  interface  data. 
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TASitii  5.1  (CONt) 

COIIPATIBIIITY  OF  METALS  WITH 


Nj04 


Section  3.0 

N2O4 


TABLE  6.1  (CONT) 

COMPATIBIUTY  OF  MlbTALS  WITH  N.O^ 


a  -  Definltloiw  erf  ratings  art  glvsn  on  paga  4-1. 

b-Predletwl  rating  from  liitarfaca«m, 

c  —  Tlisse  alloys  are  hi|3ily  sueceptlble  to  corrosion  in  nitric  atio. 
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SECTION  5.0 

N204 


TABLE  5.1  (CONT) 


COMPATIBIUTY  OF  METALS  WITH  NgO^ 
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TABLE  5.1  (CONT) 

COMPATIBlLrrY  OP  METALS  WITH  N20^ 


MATERIAL 


TEMPERATURE 

DEGREES  ^  / 
FAHRENHEIT  ^ 


STATIC  EX 


LW'jm 


ATINGSO: 


m 


a014-T6  A1  63-S7 

Hardu 

Anodlie 

a014*T6  A1  BS-M  SO 
Sard  Oat 


IBcrotMU  B3>S7 
100-1  on 
AMIOOA 
MngnMium 

MicroMal  13-47 
100-1  00  on 
AZ  SIC 
MigiMialnm 

Mlcroatal  S^'47 
100-1  on 
S014-T0  A1 

SilTor  Soldo/  >5-00 

Tantalum  >5-05 


a  —  iwinittoM  of  ratinga  are  givon  on  pago  4-1. 
b  —  Prodietod  ratina  from  intoriaee  data. 

c  -  Thoao  alloyo^tfo  oufcoptible  to  corrooloi.  In  nitric  acid. 


Coattof  poroiia, 
nMtal  attaekod 


OoBtiag  poroiw, 
natal  attaekad 


Ooatiiig  porooa,  aoo 
data  atwra  for  coating 
on  liagnoatum 

Pittii« 
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TABLE  6.1  (CONT) 

COMPATIBILITY  OF  METALS  WITH  NjjO^ 
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TABLE  S.l  (CONT) 
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SECHON  5.0 

N2O4 


OT  N  o.  ON  NONMETALS 

5.2  EtFECTS  2  4  n„d  the  ratings  of  several  nonmetals  ex- 

6.2  co„»ins  1»  SdC.lon  4.0,  page  4-13,  <»  Id. 

posed  to  N,0,.  The  ratings  are  .dentieal  with 

00/60  lael  Wend  materials  compatinil.ly.  ^  _ 

A„  inllmale  kno.ledge  ol  the  ^  deW.  »■  B«"f 

!r.  more  susceptible  to  cha«ies  In  a  short  r..nge  ol 

The  chemical  enelronmen.  J  “‘J  1,  can  completel,  destroy 

dissolee,  attach,  and  decompose  the  mate.  eomponenta,  thereby  altering  physical 

thematerlal.  allect  the  atM^  ,„  addlUon,  the 

properties,  or  It  can  be  absorbed  b,  the  mater  ^  ^arance  edthoet  aertonsly 

chemlcW  e...-lto»mcnt  can  alfect  the  “'"'“J"  ,  ^le  variety  ol  chemical 

alfectlng  the  mechanical  properties.  „jtlmde  ol  labrlcatlon,  and  similar 

vmiiat-'iep  c.'ngn't'  y  . . 

shown  in  1  aolfc  5.2.  definite 

Por  .sample,  many  ollhee.  aonmelal.  lor  sealing. 

e,m.re.slo„  set  llml.«l««  and,  prrtmbl,  portion  es- 

The  gash.,  or  seal  can  be  „p.  espoenr.  dl«.r  In  magrtmde 

posed  to  the  m«ilum.  The  ...  «  In  the 

ami  importance  .hen  compared.  properties  plw  a  smaU  rote  lathe  appU- 

medluin  .here  volume  change  1.  magni  .  propertlea  are  Important, 

properties  desired. 

5.2*1  plastics  Kf  rt  •  however, 

returns  to  its  original  volume  after  g  ,,,ttleness  with  time.  Certain 

The  polyethylenes 

polyethylenes  show  good  resistance  to  ^  4 
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SEaiON  5.0 
N204 


5.2.2  Elastomers 

The  fluororubbers  swell  considerably  in  and  Have  a  negative  volume  change 
after  outgassing. 

Phenolic  resin-cuj.'ed  butyls  and  fluorosllicone  rubbers  show  resistance  to  N,0. . 

2  4 

Even  these  arc  good  for  only  short-term  service. 

5.2.3  Lubricants  and  Sealants 

Reddy  Lubes  100  and  200  and  water  glass/graphite  mixture  are  satisfactory 
tJiread  sealants.  All  the  lubricants  either  react  or  wash  off  in  N2C^;  however,  for  assembly 
purposes,  Nordcoseal  greases  can  be  used  satisfactorily.  Dry  lubricants  Molykote  Z,  Drllube 
703,  and  Electrofilm  66  C  are  satisfactory  for  use  with 

5.2.4  Potting  Compounds  and  Ceramics 

Only  Sauereisen  F-1,  a  ceramic,  exhibits  satisfactory  resistance  to  There 

are  no  potting  compounds  satisfactory  for  service  with  ^204- 

5.2.5  Adhesives 

Testing  to  date  indicates  that  there  are  no  adhesives  satisfac.  ory  f  service  with 

^204* 

5.2.6  Paints 

Testing  to  date  indicates  that  there  are  no  paints  satisfactory  for  service  with  1^20^. 

5.2.7  Miscellaneous 

Graphitar  2  and  50  are  satisfactory  for  service  with  ^20^. 
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SEaiON  &0 
N204 


TABLE  5.2 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


a  -  EefJnltlonB  of  ratings  are  given  on  page  4-14. 
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SEaiON  5.0 

N204 


TABLE  5.2  (CONT) 

COMPATIBILITy  OF  NONMETALS  WITH  NjO^ 


PLASTICS 

(CONT) 

Fluoro- 

S5-60 

30 

A 

15 

green 
tilled  with 
ceramic 

Fluorlnated 

Propylene 

Co -polymer 

Teflon  (I'EP 

55-60 

30 

C 

63-67 

30 

A 

4 

70-80 

90 

A 

12 

160 

7 

A 

12 

Polychloro- 

trifluuru- 

ethylene 

Kel-F300 

Unplasti- 

sized 

55-60 

30 

C 

11 

63-67 

30 

A 

4 

70-80 

70 

C 

1 

Annealed 

55-00 

30 

C 

11 

Genetron 

GCX-3B 

55-65 

30 

A 

19 

XE-2B 

55-65 

30 

A 

19 

Trlthene  A 

70-80 

90 

C 

12 

Polyethylene 

Low  Densltj 

55-60 

30 

C 

11 

Iradiated 

55-60 

30 

C 

15 

Hi  Density 

55-60 

30 

c 

15 

( 


19!.  to  3%  1^0, 
sufteneJ  3%  to  10%, 
sample  turned  brown 


Up  to  3%  H.O,  sample 
discolored  and  eol* 
tened  16% 

30%  loss  In  strength 

Softened  76% 

Sample  discolored 
and  Boftem.u 


Hardened  12% 

Sample  turned  brcwn 
Limited  service 
Limited  service 


a  -  Definitions  of  ratings  are  given  on  page  4-14. 
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TABLE  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


AFFTC  TR"  81-S2 


5-21 


SEaiON  5.0 
N204 


TABLE  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


a  —  Definitions  of  ratings  are  given  on  page  4-14. 
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SECTION  iO 
N2O4 


TABLiS  5,2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


1  material 

1  TEMPERATURE 

1  STATIC  EXPOSURE  I  I 

1 

1  UQUIO 

1  VAPOR  1  1 

1 

DEGREES 

FAHREwHFIT 

REMARKS 

PLASTICS 
!  (CONT) 

Hydrocarbon 
I  Polymers 

Formulas 

34-27 

(polybuta¬ 

diene) 

70-80 

7 

0 

24 

Crumbled 

Formula  39 
(polyethyl  - 
ene) 

70-80 

30 

C 

30 

26%  volume  swell, 
fair  to  good  st.ren^h 
retention 

Formulas 
41-49  (Iso¬ 
butylene  co¬ 
polymers) 

70-80 

7 

D 

24 

Degraded 

Formula  44 
(Isobutylene 
CO -polymer) 

70-80 

90 

D 

30 

Degraded 

Fcrraulas 
49~5S  (iso¬ 
butylene  co¬ 
polymers) 

70-80 

7 

D 

34 

Degraded  1 

Formula  99 
(polyethyl¬ 
ene  Iso¬ 
butylene) 

70-80 

30 

A 

20 

19%  volume  swell, 
good  strength  reten¬ 
tion 

Formula  98 
(polyethyl¬ 
ene  -f  car¬ 
bon  black) 

70-80 

30 

D 

30 

Degraded  1 

Formulas 

69-7£ 

(polylsobu- 

tylenes) 

70-80 

7 

D 

J 

34 

Formulas  69  and  70 
Mistered  or  deterior¬ 
ated,  71  and  72 
swelled  149% 

a  —  OeflnltloM  of  ratings  are  given  on  page  4-14. 
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SECTIOK  5.0 
N2O4 


TABLE  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


MATCHIAL 


TEhPhHATUHl 

rAflntffRTTT  > 


FLABTiq} 

icuH'ri 


rormulJM 
flf-M  {L«.- 
Iwtr^n#  oiH 

rnr-omJ^  IClj 
MviCNryibe 
EOi^iAlrnur  I 

riH-nuumi 
litelHtyliM 
BU-jKJTintrJ 
FtorBii4tI01 

jiKWtblpju 

Farmidu  ItD-HO 

bia 

111  fliBbi 

JH*  «K 

lulsvi^^ 


DFDEtIfl  hiKBO 
Ipaljvlaflnj 


Tfl-BO 


r^tsuii.  i][| 

Formula 
1X8-117 
(ethylene - 
propylene 
rubber) 

Marlex  5003 
(polyethylen 
butene) 


n 

L 


TD-BQ 


tINH 


■m-w 


1  3D 

D 

r 

-  i. _ 

J" 

1  XI 

n 

» 

» 

B 

■1 

r  ^ 

D 

» 

R  7 

0 

» 

i  ^ 

D 

H) 

1  i 

V 

On 

1  T 

S 

yo 

ID 

D 

3C 

mlvmf  iweJJ^ 
atulttmarlt 
rtm 

1^  TulaRW  a«aU,  lUf 
lUpbvBurir  propiir- 
JJvi 

4)f^  TiilmM  iweU . 
poor  aLialniwlG 
ynfptrtkae 

■Ul«40l  mtuu*  jfvau 
^wy  poor  In  Itir 
alariiHBie  ]ui^. 
"lip  lornhik  IHIu 
Dune  ataU  U^,,  hot 
or  ebuwHi-ki; 

•rtbii 


TOUtaH  evulL  Ihlr 

lit 

rodame  iinllp  felr 

(tut  aioifaiiiiBrle 

oportlu 

|<19%  nimiM  *nU, 

F“»d  bidauH  ar 

WoOT  elaamrwfiA 


a  —  Oeflnltlons  of  ratings  are  given  on  page  d-14 


ttKUd  hrlnll 


I 
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TABLE  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


BUTYL 

RUBBERS 

■1— e< 

Enjay  2C8 

55-60 

- 

D 

15 

Pnjay  551 

55-60 

30 

D 

" 

Dinauived 

Hycar  2202 

55-60 

- 

D 

15 

Garlock  22 

55-60 

- 

D 

15 

Parker  800- 
7C 

55-65 

7 

D 

19 

Became  tacky 

Parker  XB- 

70-80 

7 

D 

1 

63%  volume  swell. 

123S-10 

softened  77% 

FLUORO 

RUBBERS 

Parker 

XV-1235-2 

70-80 

7 

D 

1 

500%  volume  swell, 
softened  35% 

XV-12a5-5 

70-80 

7 

D 

1 

430%  vuiume  swell, 
softened  92% 

TFNM-TFE 

(Trlfluoro- 

nltroso* 

methane 

tctralluoro- 

70-80 

7 

D 

20 

174%  volume  swell, 
poor  elutomerlc 
properties,  different 
oven  cures  reduce 
swell  to  48%  but  retain 
poor  elastomeric 
properties 

ethylene) 

Viton  A 

55-60 

30 

D 

11 

Dissolved 

Viton  B 
(Stillman  Ex 
774M-1) 

63-67 

30 

D 

4 

i8l%  volume  swell 

Parker 

V494-7 

63-67 

30 

D 

4 

292%  volume  swell 

nptinitions  of  ratings  are  given  or.  page  4-14. 
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SECTION  S.0 
N2O4 


TABLE  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 


FLUORO 

RUBDBRS 

(CONT) 

--  -1 

Formulae 
75-79,  84, 

85  and  94- 
96 

70-i»] 

7 

D 

20,24 

Fluoro  rubbers  with 
added  fillers  did  not 
reduce  volume  swell 
below  198%,  poor  to 
good  strength  reten¬ 
tion 

Kel-F  3700. 
5500 

55-65 

D 

15,19 

>  300%  volume  swell 

In  45  minutes 

Still  man 

TH 1057 

55-65 

31 

0 

19 

205%  volume  Msll 

FLUORO 

SILICONE 

RULDEK 

LS  S3 

63-07 

30 

D 

15,20 

>  200%  volume  swell 

Formulae 
55-07  and 
80-83 

70-80 

7 

D 

20,24 

Fluoroslllcone  nibberi 
with  added  Oilers  did 
not  reduce  volume 
swell  below  120% 

Uf-63 

03-07 

30 

D 

4 

172%  volume  swell 

Hadbar 

Series 

58789-23 

70-80 

7 

D 

1 

>  185%  volume  swell 

58780-23GT 

03-07 

30 

0 

4 

145%  volume  swell  j 

BAISCELIjA— 

NEOU8 

RUBBERS 

1 

Buna  N 

55-00 

- 

D 

15 

Neoprene 

55-00 

- 

D 

15 

L 

_ 

a  —  Oeflnitlans  of  rating  are  elven  on  page  4-14. 
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N204 


TABLE  5.2  (CO^iT) 

COMPATIBILITY  OF  NONMETAI-S  WITH  N2O4 


MISCELI.A- 

- ? 

€- — 

C _ 

C _ 

c — 

f. _ 

i. _ 

C _ 

NEOUS 

RUBBERS 

(CONT) 

1 

Hypalon 

SS-60  I 

D 

16 

Cohrlastlc 
SOO  (Silicone 

55.60 

- 

D 

15 

Silicone  0- 
rlng  with 
Kel-F  Cover 

SS-65 

63 

D 

19 

Core  shredded 

!  LUBRICANTS 

DC  11 

63-07 

14 

C 

4 

14 

4 

Washed  off  In  liquid, 
partly  in  vapor 

DC  HI  Vac 

03-67 

14 

C 

4 

14 

C 

4 

Washed  off  in  liquid, 
partly  in  vqwr 

55-00 

30 

D 

11 

Dissolved 

Rayco  -30 
Grease 

59-00 

30 

D 

11 

Decomposed 

Kel-F  90 

S5-e0 

30 

D 

11 

Dissolved 

Polygylcol 

OUs 

03-67 

14 

D 

4 

Reaction 

L-llll-oU 

63-07 

14 

C 

4 

2  -  Phase  layer 
washed  oft 

Molykote  Z 

55-90 

30 

A 

11 

Satisfactory 

OrllutM  703 

55-60 

30 

A 

11 

Satlstectory 

Electrofilm 

60-C 

65-00 

30 

A 

11 

Satisfactory 

TMSF-1,2,3 

55-00 

30 

D 

11 

Crystallized 

QC-2-C013 
QC -2-0020 

55-00 

30 

D 

11 

Broken  up 

Dow 

. 

a  -  Definitions  of  ratings  are  given  on  page  4-14. 
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TABLF,  5.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  WITH  N2O4 
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TABLE  6.2  (CONT) 

COMPATIBILITY  OF  NONMETALS  V/ITH  N2O4 


1  MATERIAL 

TEMPERATURE 

1  STATIC  EXPOSURE  |  | 

1  LIQUII 

’~z 

1  VAPOR  J 

DEGREES 
FAHRENHEIT  . 

4 

V 

yy 

y 

REMARKS 

CERAMICS 

(CONT) 

r 

Saucrelscn 

P-1 

55-60 

30 

A 

11 

Satisfactory 

Sauerelsen 

wl 

55-60 

30 

c 

11 

Slight  precipitate 

Sauerelsen 

47 

75 

- 

D 

4 

Dissolved  within  10 
minutes 

Rockflux 

75 

c 

4 

N2O4  was  absorbed, 
slight  lifting  from 
concrete 

PAINTS 

Epoxy  No. 1 

56-60 

30 

D 

11 

Dissolved 

Mo'llfle<4 
Epoxy  No.  S 

56-60 

so 

D 

11 

Dissolved 

Epoxy  No.? 

55-60 

30 

D 

11 

Dissolved 

Epoxy  No.  9 

55-60 

30 

D 

11 

Stripped  off 

Epoxy  6809 

55-60 

30 

D 

11 

Dissolved 

Alkyd  No.  4 

55-00 

30 

D 

11 

Dissolved 

Polyurethane 

Catalac 

55-00 

30 

D 

11 

Stripped 

Primer  and 
1  Finished  on 
Mild  Steel 

63-67 

10 

D 

4 

Paint  lifted  within 
minutes 

Imiirr.ved 

OS-ST 

* 

D 

4 

Paint  lifted,  and 
blistered  within  3  R 

minutes  | 

Acrylic 

Nltro-CeUtt- 

lOBC 

55-60 

30 

D 

11 

Dissolved  1 

Vinyl 

55-00 

30 

D 

11 

Blistered  | 

a  -  Definitions  of  ratings  are  g!y«!  on  page  4-14. 
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TABLE  5.2  (CONT) 


COMPATIBILITY  OF  NONMETALS  WITH  N2O4 
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5  3  EFFECTS  OF  N-0  ON  MATERIALS  OF  CONSTRUCTION 

*  ’  ft  fll 

Table  5.3  mentions  materials  Irequently  used  lor  construction.  Included  are  the  compati¬ 
bility  results  of  short  expo.sures  to  vapors  and  to  watered  N.O^.  Reference  4  gives  the 
details  of  these  tests  in  which  coatings  and/or  surface  treatments  were  applied  to  various  ma¬ 
terials  to  ascertain  resistance  to  NjO^  splUs.  Of  the  organic  coatings,  none  exhibit  sufficient 
resistance  to  NgO^.  Water  glass  protects  concrete  from  NgO^  and  from  nitric  acid  which  is 
formed  when  NgO^  combines  with  water. 

TABLE  5.3 

COMPATIBILITY  OF  CONSTRUCTION  MATERIALS  WITH  N2O4 


Material 

Temperature 

(*F) 

Birch  Wood 

75 

Concrete 

Bare 

75 

Coated  with  water  glass 

75 

Coated  with  water  glass 
and  floor  enamel  (Esco 
Brand  41138) 

75 

Coated  with  water  glass 
and  Chex-Wear  floor 
enamel 

75 

Coated  with  Rockflux 

75 

Mild  Steel  Coated  with 

Tygon  K  paint 

75 

Catalac,  improved 

75 

Co-Polymer  P-200G 

75 

Sauerelsen  47 
(4  coatings) 

75 

CA9747  Primer  Paint 

75 

Corrosite  Clear  581 

75 

Exposure  Time 

Remarks 

30  min 

Surface  darkened;  attacked 
at  H2O-N2O4  intertace 

1  hr  42  min 

Concrete  attacked 

1  hr 

No  apparent  reaction; 
affords  p.rotection 

30  min 

Reaction  at  H2O-N2O4 
interface  after  6  minutes; 
stripped  to  water  glass 

3  min 

Only  paint  removed 

1  hr  15  min 

N2O4  absorbed;  adhesion 
weakened;  material  turned 
white 

20  min 

Paint  blistered 

10  min 

Paint  blistered;  lifted  when 
totally  Immersed 

2  min 

Dissolved  Immediately 

10  min 

Dissolved 

2  min 

Reaction  and  discoiored 
immediately 

30  min 

Blistered 
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5.4  EFFECTS  OF  CONTAMINAOTS  ON 

Traces  of  type  347  SS,  6061  aluminum  alloy,  and  lint  may  be  found  as  contaminants  during 
missile  sys':ein3  manufacturing.  To  determine  the  effects  of  such  contaminants  on  quan¬ 

tities  of  lint  and  shavings  of  type  347  SS  and  6061  aluminum  alloy  were  exposed  to  N2O4  at  70' F 
for  seven  days.  No  severe  pressure  build-ups  were  encountered  during  these  tests  and  the 
N.O4  composition  was  unchanged  (Reference  19).  Water  is  a  serious  contaminant  since  it  com¬ 
bines  with  NjO^  to  form  dilute  nitric  acid  vhlch  exhibits  mcre-corroslve  properties  than  N20^. 
Also,  the  presence  of  organic  compound,  such  as  alcohols,  acetones,  and  gasoline,  are  undesirable 
contaminants  because  of  their  reactivity  with  NjO^. 


AFFTC  TR-61-32 


5-33 


AFFTC  TR-61-32 


SECTION  6.0 


PROPELLANT  HANDLING 


SECTION  «.0 
50/50  FUEL  BLEND 
AND  N2O4 


SECTION  6.0 

i«HOPELLANT  HANDLING 


6.1  FIRE  FIGHTING 

The  50/50  fuel  blend  is  flammable  In  both  liquid  and  vapor  states.  Since  the  vapor  over  the 
fuel  blend  at  72°  F  is  predominantly  UDIdH  (Reference  3),  the  flammability  hasards  of  the  mixture 
are  the  same  as  for  UDMIl.  Baaed  upon  the  lower  limit  of  flammability  of  UDMH,  2.3  volume 
percent  in  air  at  one  atmosphere  and  5°F  (Reference  23),  the  fuel  blend  vapors  are  flammable  in 
air  in  concentrations  from  2.3  to  100  volume  percent.  Thus,  mixtures  within  these  limits  can  be 
ignited  by  electric  spark,  hot  wire,  or  open  flame. 

Large  quantities  of  water  should  be  used  to  extinguish  fuel  blend  fires.  Based  upon  the  Hash 
and  fire  point  data  reported  in  Section  2.0  of  this  handbook,  a  dilution  of  three  volumes  of  water  to 
iwc  volumes  of  the  fuel  blend  is  required  to  increase  the  flash  and  fire  point -temperature  in  air  to 
160°F. 

Atlantic  Research  u-i  /Si  (R.-Cerenoe  .':h=  liquid  N,,!!.,  and  UDMH  at  80°  F  with 

a  let  of  vapor.  Similar  tests  were  conducted  with  each  fuel  diluted  with  water  until  no  ignition 
occurred.  No  ignition  occurred  when  the  ^2^4  ******  volume  percent  and  when  the  UDMH 

was  less  than  70  volume  percent.  Based  upon  these  tests  and  the  iiash  and  fire  points  data  given  in 
Section  2.0  of  this  handbook,  all  fuel  blend  spills  at  80°F  should  be  diluted  with  water  to  a  conceu' 
tratlon  less  than  80  volume  percent.  This  dUution  wiU  preclude  fires  caused  by  electric  spaiit,  hot 
wire,  open  flame,  or  vapors. 

Atlantic  Research  Corporation  also  reported  that  water  sprays  directed  at  fuel  fires  supported 
by  air  or  by  vajiors  are  more  effective  extinguishing  agents  than  foams. 

Nitrogen  tetroxlde  is  a  stable,  nonflammable,  shock-insensitive  compound.  Alone.  will 
not  burn,  but  its  vapors  will  support  combustion.  If  fire  supported  by  NjO^  occurs,  shut  off  the 

N«0.  supply  and  use  a  extinguisher  that  is  compatible  with  the  burning  material. 

Z  4 

The  eiQilosivlty  of  the  liquid  phase  reaction  between  the  50/50  fuel  blend  and  ^^2^4  **  **^*®'****‘^ 
under  Flammability  and  Explosivity,  Section  8.0  of  this  handbook. 
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6,2  FUEL  MIXING 

A'!  mentioned  under  Physical  Properties  of  50/50  Fuel  Blend,  Section  2.0  of  this  handbook, 
UDMH  and  are  miarible  in  all  proportions.  However,  becau.s.n  tlietr  densitle.s  dUfcr,  they  are 

easiiy  layered,  UDMH  above  the  N^H^. 

With  sufficient  agitation,  the  and  UDMH  are  readiiy  mixed  so  that  the  smallest  unit  volume 
of  the  mixture  contains  as  many  molecules  of  each  component  as  every  other  unit  volume.  Upon 
attaining  this  state  of  mixing,  there  is  no  tendency  whatever  for  the  compounds  to  separate  provided 
that  the  more-volatile  UDMH  is  not  permitted  to  evaporate  from  the  vessel.  The  same  forces  that 
cause  the  layered  components  to  mix  will  assure  the  permanence  of  the  completely  blended  mixture. 
This  does  not  mean  that  N2H^  and  UDMH  cannot  be  separated,  but  separation  can  be  accomplished 
only  by  the  transfer  of  energy  in  certain  types  of  physical  processes  (fraetional  distillation)  and 
chemieal  processes  (formation  of  chemical  derivatives)  (Reference  1). 

Under  conditions  where  only  partial  mixing  has  occurred,  strata  of  different  compositions  and 
densities  can  exist.  Gravity  will  cause  these  strata  to  rise  and  fall  in  relation  to  each  other.  How¬ 
ever,  this  phenomenon  cannot  be  interpreted  as  a  separation  of  the  compounds  because  complete 

mixing  was  tiever  ntj-uned.  Thu,'.,  any  condition  .short  of  complete  blending  cant...}  be  icleratvd  '’nd 
the  measures  required  to  effect  complete  blending  must  not  bo>  neglocted  Uleftircnce  > 

When  N2H^  ami  UDMH  are  mixed,  small  bubbles  of  dissolved  gas  are  formed,  there  is  a  de¬ 
crease  in  temperature,  and  the  mixture  occupies  a  smaller  volume  than  the  original  combined 
volume  of  both.  The  shrinkage  in  volume  is  partly  due  to  the  drop  in  temperature;  however,  freshly 
mixed  fuel  blend  that  is  allov/ed  to  warm  to  the  temperature  of  the  unmlxed  components  still  incurs 
a  shrinkage  of  about  1.6%.  The  additional  shrinkage  is  due  to  some  form  of  loose  bonding  be¬ 
tween  the  N2H^  and  UDMH  molecules  which  results  In  a  more-compact  molecular  arrangement 
when  the  two  are  mixed  (Reference  1). 

Quancitics  uf  fuel  were  mixed  using  vseious  mixing  techniques  as  discussed  in  the  following 
paragraphs. 

6.2. 1  Mixing  by  Agitation 

Approximately  35  gallons  of  the  fuel  blend  were  mixed  by  adding  ^2^4  ^ 

type  304  SS  55-gallon  drum  (Reference  2).  Mixing  was  accomplished  by  first  rolling  the  drum  on 
its  side  then  end  over  end  for  IS  minutes. 

6.2.2  Mixing  by  Diffusion 

Approximately  one  pint  of  was  added  to  an  equal  amount  of  UDMH  In  a  glass 
container.  The  fuel  mixture  remained  undisturbed  except  for  sampling.  After  50  days,  a  homo- 
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geneous  mixture  through  diffusion  was  obtained  (Reference  4).  This  method  Is  not  recommended 
for  use  because  of  the  tunc  element  and  the  uncertainty  oi  its  effectiveness  when  blending  large 

quantities. 

6.2.3  Mixing  by  Mechanical  Stirring 

Approximately  one  quart  of  fuel  blend  was  mixed  in  a  glass  container.  Mixing  was 
accomplished  in  a  nitrogen  atmosphere  with  a  glass  stirrer  turning  at  760  rpm  for  five  minutes 
and  1  rpm  for  72  hours.  The  ratio  of  the  area  of  the  stirrer  (2.5  in.  )  to  the  volume  (48.7  in.  ) 
of  ihe  iilend  was  0.05.  If  this  technique  is  for  large-..ralP  mixing,  it  can  be  used  with 

success. 

6.2.4  Mixing  by  Gas  Bubbling 

Approximately  one  quart  of  fuel  blend  was  mixed  successfully  with  a  nitrogen  gas 
stream.  This  method  is  not  recommended  because  UDMH  losses  are  Incurred  during  the  opera- 
tion  (Reference  4). 

6.2.5  Mixing  by  impingement 

A  mixing  chamber  similar  to  that  described  by  W.  R.  Ruby  (P.eference  26)  was  used 
to  mix  laboratory  quantities  of  the  fuel  blend.  Photographs  of  the  apparatus  and  a  detailed  pro- 
cedure  is  presented  In  Refr  reuce  4  ?v*txlng  was  accomplished  when  two  st. -earns  of  UDMH  Im- 
pinged  tangentially  with  two  streams  of  NjH^. 

Wyle  Laboratories  (Reference  37)  successfuUy  mixed  approximately  41,000  pounds 
(110  drums)  of  the  fuel  blend  by  recirculating  the  fuels  through  a  blender  (which  caused  mixing 
similar  to  the  Impingement  technique)  and  into  a  storage  tank.  FoUowing  the  Initial  transfer  ol 
each  fuel  into  the  storage  tank,  two  centrifugal  pumps  provided  continuous  circulation  through  the 
blender  for  approximately  twe  hours  before  mixing  was  accomplished. 

Aerojet-General  Corporation  (Reference  1)  also  has  blended  thousands  of  gallons 
of  the  fuel  blend  by  pumping  the  fuel  components  simultaneously  from  each  tank  Into  a  concentric 
nozzle  containing  a  swirling  mechanism  to  enhance  mi>lng,  and  then  Into  the  fuel  blend  storage 

tank. 

6.3  FREEZE  AND  THAW  OF  50/50  FUEL  BLEND 

A  laboratory  test  was  conducted  to  determine  the  effect  of  alternate  freezing  and  thawing 
of  the  fuel  blend.  The  apparatus  used,  a  description  of  the  test  procedure,  and  the  detailed  test 
results  are  presented  in  Reference  2.  Results  of  these  tests  Indicate  that  the  fuel  blend  separates 
when  subjected  to  freezing  and  thawing  conditions.  When  freezing  occurs,  the  NjH^  solidifies 
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first  because  its  freezing  point  is  The  solid  Nj,H^  particles  tend  to  fall  to  the  bottom  be¬ 

cause  they  are  more  dense  than  UDMH.  Since  analyses  indicate  that  separation  occurs,  fuel 
blend  subjected  to  freezing  point  temperature  should  be  re-mixed  prior  to  use. 

6.4  STORAGE 

Fuel  blend  was  stored  for  six  months  at  60°  ±5°F  in  a  two-quart  1100  aluminum  alloy  tank 
and  a  one-quart  Pyrex  glass  bottle.  No  fuel  decomposition  was  detected  in  either  container 
(Reference  4). 

Spectral  analyses  of  the  fuel  blend  in  a  one-quart  Py  rex  glass  bottle  gave  no  evidence  of 
fuel  blend  separation  after  three  months  (Reference  4). 

The  fuel  blend  was  stored  in  sealed  Pyrex  glass  ampules  at  200*F  for  12  weeks  (Ref¬ 
erences  2  and  4).  Employing  the  weight  loss  technique  lor  measuring  fuel  decomposition  re¬ 
sulted  in  inconclusive  data.  However,  spectral  analyses  and  visual  examination  of  the  fuel 
indicated  no  significant  change  after  the  storage  period.  Also,  no  positive  pressure  was 
detected  when  each  ampule  was  opened.  These  observations  indicate  no  decomposition. 

Low-temperature  and  hlgh-Kimperature  storage  tests  were  conduct®  i  with  N„r*..  Allied 
Chemical  Corporalion  reports  that  ^^2^4  storsd  out-of-oours  in  ?.  M  career;  .‘sicci  con- 
tainer  foi  nine  years  at  temperatures  ranging  from  68*  to  100* F.  Post-test  sn»1y.ee8  showed 
no  change  in  propellant  composition. 

In  another  test,  was  stored  in  10-gal!on  tanks  made  from  PH  15-7  Mo  stainless 
steel  and  6061-T6  aluminum  alloy  for  six  months  at  temperatures  ranging  from  0*  to  100* F. 
Chemical  analyses  after  the  test  showed  no  change  in  propellant  composition  and  a  visual 
examination  of  the  interior  of  the  ta.nk  indicated  no  metal  attack  (Reference  19). 

For  three  months,  was  stored  at  270*  il0*F  in  two-quart  tanks  made  from  PH  15-7  Mo 
and  347  SS  and  from  6061-T6  aluminum  alloy.  The  remained  unchanged  except  for  a  trace 
of  nitric  acid  found  by  spectral  means  and  an  indication  of  the  entry  of  water.  Visual  examina¬ 
tion  of  the  tanks  disclosed  salt  deposits. 

In  the  foregoing  hlgh-teraperature  storage  tests,  moisture  was  prevented  from  entering  the 
system  to  preclude  the  formation  of  nitric  acid  from  the  N.iO  .  The  acid  in  turn  would  have  re- 

acted  with  the  stainless  steel  and  aluminum  alloy  to  form  nitrates  that  are  insoluble  in  N.O.. 

2  4 

Because  titanium  tends  to  react  with  oxidizers  such  as  RFNA  (Reference  27)  and  fluorine 
(Reference  28)  to  form  unstable  compounds  which  violently  decompose,  a  one-month  storage  test 
^2^4  *  titanium  tank  (C120AV)  was  conducted  at  cycling  temperatures  bet’veeu  90*  and 

150°F  (Reference  19).  No  abnormal  pressures  were  detected  during  the  test  period;  at  the  con- 
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elusion  of  thfi  test,  a  50-pound  weight  was  dropped  from  a  height  of  two  feet  onto  the  tank  to  de¬ 
termine  If  shock-sensitive  deposits  had  formed.  No  reaction  to  this  shock  was  observed.  The 
chemical  composition  of  the  N,0^  remained  unchanged  and  examination  of  the  tank  interior 
shewed  no  signs  of  deposits, 

6,5  CLEANING  AND  FLUSHING 

Field  experience  with  missile  systems  indicates  that  components  such  as  valves,  flow  reg¬ 
ulators,  lines,  fittings,  and  filters  which  have  been  serviced  and/or  used  with  propellants  should 
be  decontaminated  prior  to  being  set  aside  for  down-time  or  storage  periods. 

Bell  Aerosystems  evaluated  various  flush  procedures  for  90  days  storage  using  RASCAL 
thrust  chamber  bipropellant  valves  (Reference  4).  A  cross-section  of  the  valve  and  a  list  of  the 
flush  procedures  are  given  in  Reference  2.  The  best  flush  procedure  for  the  oxidizer  system 
proved  to  be  a  tri-llquid  flush  and,  lor  the  fuel  system,  an  alcohol  flush. 

The  tri-liquld  flush  procedure  Involves  water  inhibited  with  chromium  trloxide,  methanol, 
and  methylene  chloride.  The  water  dissolves  any  metal  nitrate  salts  and  removes  excess  N^O^; 
the  methanol  combines  with  the  water  and  with  continuous  cycling  replaces  the  water,  and  the 
f.;  •  IcT.e  chloride  combines  with  residual  methanol.  The  final  purge  with  warm  rdtregen  easily 
v?po;-zas  the  low-bolllng  methylene  chloride. 

For  the  fuel  system,  an  isopropanol  or  methanol  flush  procedure  Is  recommended.  The 
fuel  blend  is  soluble  in  either  ot  these  alcohols.  Briefly,  the  flush  procedure  is  as  follows: 

(1)  Drain  the  propellants  and  purge  the  valve  with  nitrogen  gas. 

(2)  Flush  the  oxidizer  system  with  Inhibited  water,  cycling  the  valve  ten  times 
(IS  secoiius  open  and  IS  seconds  closed), 

(3)  Flush  the  fuel  system  with  isopropanol  or  methanol,  cycling  the  valve 
ten  times  (15  seconds  open  and  15  seconds  closed). 

(4)  Flush  the  oxidizer  system  with  methanol,  cycling  the  valve  ten  times 
(15  seconds  open  and  15  seconds  closed). 

(5)  Flush  the  oxidizer  system  with  methylene  chloride,  cycling  the  vjdve  ten 
times  (IS  seconds  open  and  15  seconds  closed). 

(6)  Purge  the  oxidizer  and  fuel  systems  dry  with  warm  nitrogen  (140®  to  160®F), 
cycling  the  valve  ten  times  (15  seconds  open  a<>u  15  seconds  closed). 

The  cycling  time  may  be  extended,  depending  upon  the  complexity  of  the  systenis. 
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Aerojet-General  Corporation  (Reference  1)  is  evaluating  a  liquid  flush  procedure  for  flight 
te.st  engines.  Triethanolamine  solutions  with  various  additives  are  being  used  to  neutralize 
residual  oxidizer  and  hydroxyacetlc  acid  solution,  and  various  additives  are  being  used  to 
neutralize  the  residua!  fuel.  The  flush  procedure  they  usee!  after  acceptance  testing  is  as 
follows: 

(1)  Diain  propellants. 

(2)  Open  tlii'ust  chamber  valves  and  place  plug  in  nozzle  of  the  thrust  chamber. 

(3)  Fill  and  drain  fuel  and  oxidiz.ei  systerus  simultaneously  with  watei’. 

(V  Fill  and  drain  oxidizer  systeir  three  times  with  alkaline  (triethanolamine) 
neutralizing  solution. 

(5)  Fill  and  drain  fuel  system  three  times  with  acid  (hydroxyacetlc)  neutralizing  solution. 

(6)  Fill  and  drain  fuel  and  oxidizer  systems  simultaneously  with  water. 

(7)  Fill  and  drain  fuel  and  oxidizer  systems  slmultaneoiioly  with  alcohol  for  drying. 

(8)  Purge  fuel  and  oxidizer  systems  dry  with  hot  nitrogen  gas. 

Several  pickling  and  degreasing  procedures  were  applied  to  type  316  SS  and  2014-T6  alum¬ 
inum  alloy  coupons  that  were  partly  immersed  in  the  50/50  fuel  blend  at  160® F  for  about  two 
months.  Some  of  the  aluminum  alloy  coupons  were  welded.  These  tests  were  conducted  to  de¬ 
termine  whether  or  not  certain  degreasers  and/or  pickling  solutions  would  result  in  severe 
discoloiing  of  the  metal  coupons  or  the  fuel  blend  (Reference  4). 

Three  pickling  procedures  and  three  degreasers  were  applied  to  2014-T6  coupons.  The 
pickling  procedures  used  are  described  in  Reference  4.  The  degreasers  used  were  trichlor- 
ethylene,  trlchlorethane,  and  Arseco  (a  safety  solvent  principally  containing  kerosene).  Each 
test  coupon  exhibited  good  corrosion  and  was  assigned  an  "A”  rating.  The  fuel  blend  was  un¬ 
affected  and  only  slight  staining  was  detected  on  the  surface  of  the  coupon. 

Type  316  SS  welded  and  unwelded  coupons  were  acid-pickled  and  then  degreased  with 
trichlorethylene,  trlchlorethane  and  Arseco.  The  pickling  procedure  used  is  described  ir. 
Reference  4.  Again,  the  fuel  blend  was  unaffected  and  the  corrosion  rates  merited  an  "A" 
rating.  Slight  staining  was  observed  in  the  vapor  phase. 
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7.1  NOMINAL  50/50  FUEL  BLEND 
7.1.1  Health  Hazards 

Generally  it  is  suggested  that  any  handling  mishaps  or  similar  situations  be  treated  as 
though  caused  by  UDMH  or  N2H^  alone,  depending  upon  which  of  the  two  fuels  causes  the  more 
serious  effects. 

Arthur  O.  Little,  Inc.  has  reported  on  fuel  blend  toxicity  (Reference  29).  Animal 
experiments  conducted  at  ADIi  failed  to  show  significant  synergistic  effects  caused  by  the  combined 
toxicity  of  UDMH  and  NjH^.  The  M.A.C.^  value  for  N2H^  is  1  ppm  and  for  UDMH  it  is  0.5  ppm. 

ADL  graphically  illustrated  that  when  the  vapor  is  contaminated  with  0.25  ppm  UDMH,  the  maximum 
allowable  N2H^  is  0.5  ppm  (see  Figure  7.1).  Regarding  short-term  e^[>08ure,  Dr.  Leslie  Silverman 
of  the  Harvard  Medical  School  of  Public  Health  has  suggested  that  the  M.A.C.  value  can  be  exceeded 
safely  by  a  factor  of  ten  witn  tne  uo/ou  tuei  u^enu  ior  a  io-minuie  period.  Dr.  E.  C.  Wortz  (Reference 
IIS)  of  The  Marlin  Company  has  calculated  data  to  shtm  that  the  M.A.C.  value  can  be  exceeded  by  a 
factor  of  five  for  each  fuel  separately.  Dr.  Worts’ s  data  is  considered  as  sale  short-term  exposure 
limits. 

Studies  of  the  effects  from  repeated  exposure  of  rodents  and  dogs  to  UDMH  vapor  were 
conducted  at  the  Army  Chemical  Center  (Reference  42)  to  obtain  data  for  estimating  the  quantity  of 
toxicant  to  which  man  may  be  exposed  without  harmful  effectc.  Based  upon  the  results  of  these  ex¬ 
periments,  the  M.A.C.  of  UDMH  vapor  for  man  should  be  well  below  5  ppm.  Until  more  data  and 
e]q>erience  are  available,  0.5  ppm  should  be  used  as  a  guide  to  good  industrial  handling  and  safe 
practice. 

Experience  with  human  ejqwsure  to  N2H^  and  UDMH  is  limited,  but  cases  of  delayed 
and  possibly  cumulative  conjunctivitis  have  been  reported  among  men  In  plants  manufacturing 
N2H^.  These  employees  complained  of  nausea,  dizziness,  and  headache.  The  occurrence  of 
dermatitis  also  was  reported. 


a-  Maximum  Allowable  Concentration.  These  represent  values  to  which  man  can  be  exposed  for  a 
normal  working  day,  day  after  day,  without  adverse  effects  upon  his  health. 
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’JD\ra  0.5 


Figure  7.1.  Combined  Tolerable  Vapor  Contamination 

In  sufficient  amounts,  UDMH  is  trade  by  Inhahition,  ingestion,  and  skin  contact  produc¬ 
ing  several  significant  systemic  effects.  In  addition,  it  produces  local  irritating  effects  upon  the 
eyes  and  the  respiratory  tract;  UDMH  has  little  or  no  local  effect  on  the  skin,  but  is  readily  ab¬ 
sorbed  into  the  body  by  this  route. 

7.1.2  Protective  Clothing 

Personnel  handling  the  fuel  blend  should  wear  protective  clothing.  In  general,  rubber 
suits,  boots  and  gloves,  and  hoods  will  suffice.  The  recommended  protective  clothing  is: 

(1)  Boots  and  gloves  -  ORS  rubber. 

(2)  Gloves,  vinyl-coated,  type  R-1,  under  specification  MIL-G-4244  (Reference  30). 

(3)  Gloves,  Bluettes,  DuPont  neoprene  rubber.  Pioneer  Rubber  Company, 

Willard,  Ohio. 

(4)  Gloves,  Edmont,  Cadei  style,  7897,  Edmont  Inc.,  Coshocton,  Ohio. 

(5)  Suit,  vinyl-coated  fiberglass,  inner  type  MA-1,  MIL-S-4553  (USAF)  (Reference  30). 

(6)  Suit,  MIL-S- 12527  (QMC)  (Reference  30). 

(7)  Polyethylene  clothing  may  be  used  (Reference  30). 

(8)  Fiberglass  clothing  impregnated  with  Teflon  or  Kel-F  (Reference  30). 
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When  entering  an  area  where  a  high  concentration  of  fuel  blend  vapor  is  present,  a  self- 
contained  air  .source  .such  a.s  a  Scott  Air-Pack  should  be  worn.  A  canisier-type  protective  breath¬ 
ing  apparatus  is  effective  up  to  30  minutes  for  contamination  levels  up  to  10,000  ppm  (Reference 
29). 

Large  quantities  of  the  fuel  blend  should  be  transferred  in  clean,  closed  metal  systems. 
The  fuel  blend  should  be  blanketed  with  nitrogen  at  all  times. 

7.1.3  First  Aid 

Skin  areas  splashed  with  the  fuel  blend  should  be  washed  copiously  with  water.  The  eye, 
if  cuiitaminated,  should  be  flushed  copiously  and  thoroughly  with  water. 

Personnel  suspected  of  inhaling  fuel  vapor  poison  shoul.i  leave  the  contaminated  area 
and  breathe  deeply  of  fresh  air.  If  fuel  is  taken  infernally.  Induce  vomiting.  Individuals  over¬ 
exposed  should  be  examined  by  a  physician;  regular  handlers  should  be  exann.ined  by  a  physician 
periodically. 

7.1.4  Disposal 

Lcal:s  or  spills  of  fuel  blend  should  be  dealt  with  only  by  personnel  wearini;  adequate 
protective  equipment.  Dilution  with  minimum  quantities  of  water,  flushing  down  drains  into  catch 
basins,  should  be  accomplished  ar  soon  as  possible.  Minimum  quantities  of  water  are  recom¬ 
mended  so  that  the  diluted  fuel  eventually  may  be  disposed  of  by  burning. 

During  testing  at  Bell  under  another  program,  ao  undetected  TTDMH  spill  drained  Into 
a  nearby  waterway.  Shortly  thereafter,  dead  fish  were  ireen  floating  on  the  surface  of  the  water. 
Stale  water  pollution  authorities  attributed  the  dead  fish  to  UDMH  which  eventually  led  to  exten¬ 
sive  testing  by  the  Water  Pollution  Control  Board  and  the  U.  S.  Public  Health  Service  These  tests 
revealed  that  one  ppm  of  UDMH  and/or  N2H^  had  an  adverse  effect  upon  fish  (Reference  31).  Be¬ 
cause  of  this,  steps  were  taken  at  Bell  to  destroy  UDMH  and/or  N2H^.  Subsequently,  caicium 
hypochlorite^  was  used  for  the  chemical  destruction  of  small  quantities  of  UDMH  and  N2H^  prior 
to  draining  into  a  public  waterway. 

Because  the  fuel  blend  in  water  can  nave  adverse  effects  on  fish  and  animals,  it  should 
not  be  added  deliberately  to  drainage  ditches  or  ponds.  Bulk  quantities  should  be  collected  in 
suitable  containers  for  burning.  When  the  fuel  blend  enters  drainage  .iystems  acchlent.  It  must 
be  reduced  to  safe  limits  by  addition  of  a  chemical  such  as  calcium  hypochlorite  which  will  decom¬ 
pose  the  blend  (Reference  32). 

a  -  Calcium  Hypoclilorite  Needed:  1.6  Ib/gal  of  solution  containing  1%  by  weight  ^2^^)  0-8  I^/k^ 

of  solution  containing  1%  by  weight  XJDMH. 
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R.  W.  Draki?  of  The  Martin  Con^pany  has  prepared  a  procedure  for  fuel  blend  disposal. 
When  a  water  solution  rontains  1*?!  or  less  fuel  blend,  calcium  hypochlorite  Js  used  to  destroy  the 
fuel  chemically;  fuel  concentrati-jos  In  the  range  of  1%  to  40%  are  burned  in  a  furnace;  fuel  con¬ 
centrations  gre  ater  than  40%  are  burned  in  air. 

7.1.5  Detection  Devices 

A  portable  detection  kit  for  fuel,  manufactured  by  the  Mine  Safety  Appliance  Company 
of  Pittsburgh,  uses  a  colorimetric  test  specific  for  UDMH.  This  device  can  measure  quantities 
of  UDMH  in  waste  water  and  air  samples  (Reference  1).  The  range  of  this  detector  is  0  to  10  ppm. 

Another  device,  manufactured  by  the  American  Systems,  Inc.,  is  reported  capable 
of  measuring  small  quantities  of  UDMH  or  in  the  order  of  0.25  ppm. 

However,  these  devices  have  not  been  fully  evaluated.  One  problem  In  particular 
concerns  the  effectiveness  of  the  instruments  when  both  fuel  and  oxidizer  vapor  come  in  contact 
with  the  sensing  media  simultaneously. 

7.2  OXIDIZER 

7.2.1  IIe.ilih  Hazards 

Dr.  Tamas  of  the  Aerospace  Medical  Division  of  WADD  has  Indicated  that,  at  vapor  con¬ 
centrations  of  100  ppm  or  lower,  ^2^4  exist  lor  purposes  of  practical  measurement,  but 

the  vapors  are  primarily  NO2.  Even  at  concentrations  as  high  ae  10,000  ppm,  only  about  0.1%  is 
N20^  at  room  temperature  and  one  atmosphere.  Thus,  as  mentioned  in  the  section  on  Detection 
Devices  later  in  this  handbook,  instruments  that  are  sensitive  to  NO2  vapors  are  desirable. 

Liquid  N_0 .  spillage  on  the  skin  or  splashing  in  the  eyes  causes  burns  similar  to 
those  caused  by  60%  to  70%  nitric  acid.  Brief  contact  of  the  Uquid  with  the  skin  or  other  tissues 
results  in  yellow  staining;  if  the  contact  is  more  than  momentary,  a  severe  chemical  burn  will 
result.  The  NgO^  vapors  that  contact  the  skin  are  less  harmful  than  liquid  contact  for  a  com¬ 
parable  period  of  time.  A  stinging  sensation  results  on  the  skin  similar  to  that  caused  by  nitric 
acid  fumes.  If  splashed  in  the  eyes,  N20^  can  cause  blindness.  Taken  internally,  the  burn  can 
be  sudden  and  severe,  resulting  in  death  (Ref  <!rence  33). 

Because  of  its  toxic  effects.  Inhalation  of  N20^  v;q)ors  is  normally  the  most  serious 
hazard  in  the  handling  operations.  The  M.A.C.  of  this  vapor  is  expressed  as  five  parts  of  NO2  per 
one  million  parts  of  air  (2.5  ppm  as  N20^)  (Reference  34).  Dr.  Leslie  SUverman  (Reference  29) 
of  the  Harvard  Medical  School  of  Public  Health  has  suggested  that  the  M.A.C.  value  can  be  ex¬ 
ceeded  safely  by  a  factor  of  five  for  a  10-mlnute  period.  Also,  Dr.  E.  C.  Worts  (Reference  36) 
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of  The  Martin  Company  has  comp-  -d  data  for  short-term  exposures  to  NgO^;  for  a  10-mLnute 
period,  the  M.A.C.  value  also  may  he  exceeded  by  a  factor  of  five.  The  Nitrogen  Division  of 
Aliied  Chemical  (Reference  36)  reports  that  a  person  was  exposed  to  158  ppm  of  NOg  for  10 
minutes  without  apparent  effects;  this  value  exceeds  the  M.A.C.  by  a  factor  of  30.  Thus,  Dr. 
Silverman's  and  Dr.  Wortz's  data  appears  to  be  safe  values  for  short-term  exposures. 

Protective  Clothing 

Personnel  handlir."  N,0^  should  wear  protective  clothing.  Rubber  suits,  boots  and 
gloves,  and  hoods  will  suffice.  The  protective  clothing  previously  listed  in  the  section  on  fuel 
blend  safety  is  satisfactory  for  use  With  NjO^.  Personnel  at  Wyle  Laboratories  (Reference  37) 
while  wearing  two-nlecc  protective  suits  developed  nitric  acid  burns  around  e^osed  wrists  and 
ankles.  These  burns  resulted  from  nitric  acid  formation  when  NOg  vapors  and  moisture  came 
in  contact  with  the  skin.  Recurrence  of  this  was  prevented  by  taping  the  Jacket  sleeves  and  pants 
cuffs  to  the  wrists  and  ankles. 

7.2.3  First  Aid 

When  liquid  or  vapor  comes  in  contact  with  the  skin,  immediately  wash  with 
large  quantities  of  water.  When  splashed  into  the  eyes,  flush  the  eyes  with  Water  contlnously 
for  18  minutes,  with  a  fellow  employee  assisting  the  injured  by  holding  the  eye  open.  Medical 
assistance  should  be  summoned  Immediately.  Administration  of  anything  else,  such  as  neutral* 
Izing  agents,  should  be  done  only  at  the  direction  of  a  physician. 

Persons  exposed  to  excessive  fumes  should  be  removed  from  the  contaminated 
area  immediately.  The  patient  should  be  carried  and  not  allowed  to  walk  because  exertion  in¬ 
creases  the  effects  of  pulmonary  edema.  Administration  of  oxygen  by  trained  personnel  is  de¬ 
sirable.  Personnel  exposed  seriously  should  be  removed  to  a  hospital. 

Swallowing  of  N,0^  should  be  treated  by  drinking  large  amounts  of  water  (or  milk, 
if  available);  medical  attention  should  be  summoned  at  once. 

7.2.4  Disposal 

Small  and  large  quantities  of  can  be  vented  slowly  out-of-doors  through  elevated 
stacks.  Rocketdyne  uses  a  50-foot  stack  from  15,000-gallon  tanks  for  venting  when  atmospheric 
conditions  are  favorable.  The  Nitrogen  Division  of  Allied  Chemical  Corporation  indicates  that 
quantities  of  NjO^  can  be  drained  or  pumped  into  a  pond  where  the  can  be  neutralized  with 
soda  ash,  or  allowed  to  boil  off,  provided  that  the  area  is  not  populated.  Neutralization  should  take 
place  prior  to  dumping  into  a  waterway.  Because  water  is  only  slightly  soluble  in  NgO^,  and  NgO^ 
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is  heavier,  tiiis  process  is  time-consuming;  the  might  remain  at  the  bottom  and  slowly  con- 
Vf-il  tn  nitric  acid.  In  adclitioii,  large  quantities  of  may  be  disposed  of  by  burning  with  a  fuel 
suei'  as  keros'.oie.  Rocketdyne  also  burns  ^2^4  locations  with  liquid  petroleum  gas. 

7.2.5  Defection  Devices 

Tiiero  are  several  instruments  available  specifically  for  detecting  the  presence  of 
oxides  of  nitrogen  in  air.  The  Kitagawa  Company  manufactures  a  portable  detector  for  air  sampling. 
A  dry  reagent  turns  yellowish  brown  at  NOjj  eoncantratlons  of  appro.\imately  2.5  ppm.  This  instru¬ 
ment  is  distributed  by  the  Union  Industrial  Equipment  Corporation,  Port  Chester,  New  York 
(Reference  1).  Mine  Safety  Appliance  Company,  Kruger  Instrument  Company,  and  American 
Systems  Incorporated  manufacture  a  recording  device  for  detecting  oxides  of  nitrogen  In  the  order 
of  1  ppm.  However,  these  devices  have  not  been  lully  evaluated. 
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8.1  FLAMMABILITY 

The  introduction  of  hypergolic  fuel-oxidant  systems  into  the  missile  propulsion  field  has 
created  many  new  problems.  These  problems  arise  in  part  from  the  hazards  associated  with  the 
handling  and  storage  of  the  fuel  and  oxidant  in  close  proximity;  accidental  or  premature  contact  of 
fuel  and  oxidant  (liquid  or  vapor  phase)  can  result  in  a  sudden  energy  release.  In  an  effort  to 
understand  the  behavior  of  such  systems  under  accidental  spill  conditions,  the  Bureau  of  Mines 
and  Bell  Aerosystems  Company  agreed  to  study  the  50/50  fuel  blend-NjO^  system.  A  detailed 
report  is  given  in  Reference  43.  Briefly,  four  accident  situations  were  considered; 

(1 )  Spillage  of  liquid  fuel  blend  into  N204-air  atmospheres. 

(2)  .Spillage  of  liquid  fuel  blend  onto  a  hot  surface  and  subsequent  contact  of  the  vaporized 
fuel  blend  with  N2O4  air  atmospheres. 

(3)  Contact  of  vapors  leaking  from  a  container  of  fuel  blend  with  NoO'-nlr  !ni.xturee. 

(4)  Passage  of  N204-air-fueI  blend  mixtures  over  an  external  ignition  source. 

Spillage  of  liquid  fuel  blend  into  N204-alr  mixtures  was  Investigated  over  a  range  of  tempera¬ 
tures  by  determining  SIT  at  approximately  one  atmosphere  in  an  apparatus  described  and  discussed 
in  Reference  3.  The  SIT  is  plotted  versus  N2O4  concentrations  in  air  for  liquid  fuel  blend,  N2H4, 
and  UDMH  (Figure  8.1).  The  short  horizontal  lines  on  the  curves  in  this  figure  represent  the  un¬ 
certainty  of  the  N2O4  concentration  measurement.  In  addition,  the  dew-point  line  for  N2O4  is 
plotted  (Reference  4). 

The  results  given  in  Figure  8.1  show  that  the  SIT  of  the  fuel  blend,  N2H^i  su>d  UDMH  differ 
little  for  N2O4  concentrations  below  8%.  Above  8%  concentration,  the  SIT  of  the  fuel  blend  is  less 
than  that  of  N-H.;  above  an  N2O4  concentration  of  9%,  the  SIT  of  the  fuel  blend  is  greater  than  that 
of  UDMH.  Th.'j  double-valued  nature  of  the  SIT  curves  at  the  lower  temperatures  is  due  to  the  shift 
in  N2O4  equilibrium  with  decreasing  temperatures. 
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Figure  8.1.  Spontaneous  Ignition  Temperatures  of  Liquid  50/50  Fuel  Blend,  N2H4,  and  UDMH 
in  Contact  with  N204-Air  Mixtures  at  740  ±10  mm  of  Hg  as  a 
Function  of  N2O4  Concentration 
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Spillat;.'  uf  vaporized  fuel  blend  into  H204-air  mixtures  was  investigated  using  tlip  name 
apparatus.  The  tests  were  conducted  by  injecting  N204-air  mixture  into  an  atmosphere  of  vapor»/ed 
fuel  blend-air  mixture  held  at  a  specified  temperature.  Since  vaporized  fuel  blend  reacts  with  air, 
the  residence  time  was  held  to  one  minute  before  injection  of  the  N204-air  mixture.  The  results 
shown  in  Figure  8.2  correspond  to  trials  in  which  this  residence  time  was  used.  The  vertical 
arrows  in  the  figure  correspond  to  combustible  concentrations  below  which  ignitions  were  not 
olwained  at  temperatures  up  to  550“F. 

Figure  8.3  shows  a  comparison  between  the  SIT  of  vaporized  fuel  blend  and  UDMH  in  contact 
with  lO'To  N2O4  vapors.  The  vertical  dotted  lines  in  Figure  8.3  represent  the  lower  limits  of 
fhiinmabi  .ity  for  each  of  the  two  combustibles  in  air  at  the  maximum  temperatures  at  which  spon¬ 
taneous  ignition  of  each  combustible  air  mixture  was  obtained  in  N2O4.  The  UDMH  curve,  unlike 
the  fuel  blend  curve,  extends  to  a  combustible  concentration  equal  to  its  lower  limit  of  flammability 
in  air  at  360 “F;  the  lower  limit  of  flammability  of  the  fuel  blend  is  below  the  lower  concentration 
limits  at  which  spontaneous  ignition  occurs.  This  behavior  may  be  due  to  the  air  oxidation  of  the 
N2H4  vapors  in  the  vaporized  fuel  blend  before  the  addition  of  N2O4. 

Spontaneous  Ignition  temperatures  were  determined  for  the  equilibrium  vapors  of  liquid  fuel 
blend  in  contact  with  N2  04-air  mixtures.  Liquid  fuel  blend  was  evaporated  at  constant  pressure 
from  a  vented  container  for  a  period  of  time  sufficient  to  ensure  vapor-liouid  equilibrium.  A 
mi.xturo  of  N2O4  and  air  at  room  temperature  (about  77 °F)  was  injected  into  this  vapor-air 
atmosphere  and  any  ensuing  reaction  was  noted.  Sufficient  liquid  fuel  blend  was  used  to  ensure 
that  no  appreciable  change  in  Its  composition  would  occur.  Results  plotted  in  Figure  8.4  show  the 
relation  between  the  temperature  of  the  equilibrium  ignition  and  the  composition  of  the  N204"*^*‘ 
mixtures  which  are  injected  into  the  hot  vapors. 

The  vapors  of  N2H4  and  UDMH  from  th<?  fuel  blend  react  in  contact  with  N2O4  to  produce  a 
dense  white  cloud  of  fine  particles,  gaseous  and  solid.  Such  reactions  were  observed  over  a  wide 
range  of  fuel  concentrations  at  pressures  as  low  as  2  mm  of  Hg.  Becavise  of  this,  flame  propaga¬ 
tion  (flammability)  tests  conducted  on  N2H4  and  UDMH  In  N204-alr  mixtures  are,  in  reality,  tests 
on  the  reaction  products.  The  only  combustibles  found  in  the  gaseous  products  were  ammonia  and 
hydrocarbons. 
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Figure  8.2.  Spontaneous  Ignition  Temperatures  of  Vaporized  Fuel  Blend  and  Aix  .'vtmospheres 
in  Contact  with  Various  N204-Air  Atmospheres  at  740  ±10  mm  of  Hg 
for  Residence  Times  of  One  Minute 
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Figure  8.3.  Spontan4i;ous  Ignition  Temperatures  of  Vaporized  (A)  Fuel  Blend-Air  and  (B)  UDMH- 
Air  Mixtures  in  Contact  with  100%  N2O4  at  740  ^:10  mm  of  Hg 
as  a  Function  of  the  Combustible  Concentration  in  Air 


AFFTC  TR-61-32 


i 


8-5 


SECTION  8.0 
50/50  FUEL  BLEND 
AND  N2O4 


VAPOR- LIQmD 
EQUIUBRIL'M 
TEMPERATLTir:-' 


Figure  8.4 


N„0.  CONCEN  l'RATION  -  vol  % 
*  ■» 


Vapor-Liquid  Equilibrium  Temperatures  of  Fuel  Blend  Required  for  Spontaneous 
Ignition  of  the  Resulting  Vapors  In  Contact  with  N204-Air  Mixtures 
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In  the  absence  of  N2O4,  the  vapors  of  and  UL’MH  form  flammable  mixtures  between  2.3 
and  5.0  volume  percent  of  the  combustible  vapor  in  air.  The  lower  limits  ot  flammability  of  N2H4- 
UDMH  mixtures  were  calculated  by  using  LeChatcliers'  Law  {Roffcr.=;nce  38).  Results  of  these  cal  ¬ 
culations  t  re  given  in  Figure  8.5  where  the  lower  Ji.mit  concentration  of  combustible  vapor  (N2H4 
plus  IJDMh)  is  plotted  as  a  function  of  the  concentration  of  UDMH  in  the  combustible.  Because  of 
the  high  dew  point  of  N2H4,  net  all  of  the  vapor-air  mixtures  represented  by  points  .on  the  curve 
in  Figure  8.5  are  physically  possible  at  77“F  and  one  atmosphere  of  pressure.  Note  that  the  por¬ 
tion  of  the  curve  corresponding  to  impossible  vapor-air  mixtures  is  dotted.  The  vertical  line  in 
t.i'e  figure  represents  a  combustible  vapor  composition  equal  to  that  of  the  fuel  blend.  To  determine 
the  lower  limit  of  flammability  of  a  realistic  vapor-alr  mixture  from  Figure  8.5,  the  vapor  com¬ 
position  must  be  known  Armrdlnvly.  the  pressure-eompositton  diagram  for  mixtures  of  N3H4  and 
UDMH  at  72° F  was  determined  and  plotted  in  Figure  8.6.  The  dotted  line  In  this  figure  corresponds 
to  the  vapor  pressure  of  the  fuel  blend  at  72’F.  The  intersection  of  this  dotted  line  with  the  vapor 
curve  gives  the  compo.sitiou  of  the  equilibrium  vapors  over  liquid  fuel  blend  at  72° F  (80  mole  per¬ 
cent  liDMH  and  20  mole  percent  K2^U)-  Figure  8.5,  the  lower  limit  of  flammability  for  this 

vapor  mixture  in  air  at  77 °F  is  2.0  volume  percent.  However,  the  presence  of  N2O4  in  the  air  tends 
to  increase  the  measured  value  because  the  N2H4  and  UDMH  is  converted  to  gaseous  and  solid  pro¬ 
ducts  not  all  of  which  are  combustibles. 
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UDMH  CONCENTRATION  --  mole  % 

Figure  8.5.  Lower  Limit  of  Flammability  of  N2H4-UDMH  Blend  (Combustible)  in  Air  at  77“F 
as  a  Function  of  UDI^  Concentrations  in  Combustitile 
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Figure  8.8.  Preasure-Compositlon  Diagram  for  the  System  N2H^-UDMH  at  72”  F 
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8.2  EXPLOSIYITY 


Testing  was  Cvinducted  with  laboratory  quantities  of  N2O4  and  the  fuel  blend 
4)  to  determine  whether  or  not  propellant  spills  would  lead  to  detonations.  In  Reft 
Penner  distinguishes  between  explosions  and  detonations  as  follows.  In  an  cxplooi 
lease  rate  and/or  the  number  cf  molecules  per  unit  volume  increase  with  time  mo 
formily  throughout  a  confined  volume.  A  detonation  wave,  on  the  other  hand,  is  sp; 
and  is  propagated  through  unreacted  combustible  mixtures  by  an  adv.ancing  shock  1 
exothermic  cliemlcal  changes  occur  in  such  a  way  that  the  chemical  heat  released 
support  further  propagation  of  the  detonation  wave. 

A  closed  chamber,  approximately  l/lSO-scale  version  of  the  actual  Titan  11 1 
propellant  spill  tests  (References  2  and  4).  Spills  were  conducted  with  laboratory 
and  fuel  blend  at  various  mixture  ratios  with  fuel  Ic-ids  and  nxidixer  leads.  The  la 
combined  propellants  spilled  into  the  chamber  at  a  2:1  mixture  ratio  was  0.1  pound 
this  mixture  ratio,  when  0.066  pound  (30  grams)  of  N2O4  was  added  to  0.033  ]>ound 
fuel  blend,  an  explosion  occurred  damaging  the  test  chamber. 

Baaed  upon  these  teste,  the  following  faci.s  are  presented: 

(1)  Spillat'e  of  these  propellants  may  cause  explosions,  but  not  detonations. 

(2)  An  increase  in  propellant  quantity  Increases  the  reaction  violence. 

(3)  For  the  most  part,  spills  are  more  reactive  when  fuel  :is  added  to  the  ox 
the  oxidizer  is  added  to  the  fuel  at  identical  quantities  and  mixture  ratio 

Multiple  spill  tests  were  performed  by  Rocketdyne  (Reference  40)  on  the  Titi 
Spills  were  conducted  With  50  and  300  pounds  of  propellants  in  simulated  Titan  n  o] 
scale  and  l/lS-scale  versiems).  A  2-to>l  oxidizer-to-fuel  ratio  by  weight  was  usei 
The  following  spill  conditions  were  employed;  simultaneous  spills  into  a  dry  silo, 
spills,  fuel  lead  spill,  and  one  simultaneous  spill  into  water.  Small-scale  spills  on 
concrete  also  were  conducted  with  2.5  pounds  of  propellants.  The  data  reported  by 
Indicates  that  all  explosions  result  from  vapor  phase  reactions.  In  a<ldition,  the  fol 
tion  was  reported: 

(1)  Silo  spills  with  fuel  leads  were  less  severe  than  with  either  the  slmultan 
leads.  The  simultaneous  spills  resulted  In  the  most  violent  explosions. 

(2)  Increase  in  propellant  wei|^t  Increased  the  reaction  violence  on  spills  m 
simultaneous  and  oxidizer  lead  conditions;  however,  fuel  leads  resulted  1 
In  reaction  violence.  The  maximum  overnresstires  measured  for  the  30( 
tests  were  equlvalctst  to  2  pounds  of  TNT;  for  the  50-pound  spill  tests,  0. 
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8.2  KXPLOSIVITY 

I'estin^  was  conducted  with  laboratory  quantities  of  N2O4  and  the  fuel  blend  (References  2  and 
4}  to  determine  whether  or  not  propellant  spills  would  lead  to  detonations.  In  Reference  39,  S.S. 
Penner  distinguishes  between  explosions  and  detoi  ations  as  follows.  In  an  explosion,  the  heat  re¬ 
lease  rate  and/or  the  number  of  molecules  per  unit  volume  increase  with  time  more  or  less  unl- 
formily  throughout  a  confined  volume.  A  detormtion  wave,  on  the  other  hand,  is  spacially  non-uniform 
and  is  propagated  through  unreacted  combustible  mixtures  by  an  advancing  shock  fro.ot  behind  which 
exothermic  cliemlcal  changes  occur  in  such  a  way  that  the  chemical  heat  released  can  be  utilized  to 
support  further  propagation  of  the  detonation  wave. 

A  closed  chamber,  approximately  1/1 50-scale  version  of  the  actual  Titan  n  silo,  was  used  for 
propellant  spill  tests  (References  2  and  4).  Spills  were  conducted  with  laboratory  quantities  of  N2O4 
and  fuel  blend  at  various  mixture  ratios  with  fuel  leads  and  oxidizer  leads.  The  largest  quantity  of 
combined  propellants  spilled  Irto  the  chamber  at  a  2:1  mixture  ratio  was  0.1  pound  (45  grams).  At 
thi.s  mixture  ratio,  when  0.066  pound  (30  grams)  of  N2O4  was  added  to  0.033  pound  (15  grams)  of 
fuel  bkiid,  an  explosion  occurred  damaging  the  test  chamber. 

Based  upon  these  tests ,  the  following  facts  are  presented: 

(1)  Spillage  of  these  propellants  may  cause  explosions,  but  not  detonations. 

(2)  An  increase  in  propellant  quantity  Increases  the  reaction  violence. 

(3)  For  the  mo-st  part,  spills  are  more  reactive  when  fuel  :is  added  to  the  oxidizer  than  when 
the  oxidizer  is  added  to  the  fuel  at  identical  quantities  and  mixture  ratios. 

Multiple  spill  test..,  were  performed  by  Rocketdyne  (Reference  40)  on  the  Titan  n  propellants. 
Spills  were  conducted  With  50  and  300  pounds  of  propellants  in  simulated  Titan  II  open  eilos  (1/10- 
scaie  and  l/lS-scale  versions).  A  2-to-l  oxidizer-to-fuel  ratio  by  weight  was  used  on  all  tests. 

The  following  spill  conditions  were  employed:  simultaneous  spills  into  a  dry  silo,  oxidizer  lead 
spills,  fuel  lead  spill,  and  one  simultaneous  spill  into  water.  Small-scale  spills  on  dirt,  water,  and 
concrete  also  were  conducted  with  2.5  pounds  of  propellants.  The  data  reported  by  Rocketdyne 
indicates  that  all  explosions  result  from  vapor  phase  reactions.  In  addition,  the  following  Informa¬ 
tion  was  reported: 

(1)  Silo  spills  with  fuel  leads  were  less  severe  than  with  either  the  simultaneous  or  oxidizer 
leads.  The  simultaneous  spills  resulted  in  the  most  violent  e.xp!csions. 

(2)  Increase  in  propellant  wei^t  Increased  the  reaction  violence  on  spills  made  under 
simultaneous  and  oxidizer  lead  conditions;  however,  fuel  leads  restilted  In  a  decrease 
in  reaction  violence.  The  maximum  overpressures  measured  for  the  300-pound  spill 
tests  were  equivalent  to  2  pounds  of  TNT;  for  the  50-pound  spill  tests,  0.2-pound  of  TNT. 
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(;n  ThP  nf  wafer  to  the  bottom  of  the  alio  reduced  maximum  temperatures  and  pres¬ 

sures  resulting  from  the  reaction  of  the  propellants. 

The  Atlantic  Research  Corporation  (Reference  25)  reported  two  explosions  when  iaboraiory 
qiiaatit'ies  of  propellants  were  mixed.  When  O.OOC  pound  (2.7  grams;  of  50/50  fuel  bl>?nd  was  spilled 
onto  0.033  pound  (15  grams)  oi  NgO^,  one  explosion  occurred  duvlng  five  tests;  however,  when  0.10 
pound  (4.5  gi.ama)  of  was  spilled  onto  0,006  pound  cf  fuel  blend,  an  explosion  occurred  for  the 
one  test.  No  pressure  measurements  were  reported  for  any  of  these  tests  since  the  primary  pur¬ 
pose  of  this  work  was  to  study  control  of  fires  involving  N2H4-type  fuels  with  air  and  N2O4, 

8.3  REACTION  PRODUCTS 

During  the  spontaneous  Ignition  temperature  and  flammability  tests  conducted  by  the  U.  S. 
Bureau  of  Mines,  a  dense  white  cloud  of  fine  particles  w.is  fo.ri.ied  when  the  vapors  of  the  pro¬ 
pellants  react.  The  gaseous  products  obtained  when  N2H4  and  UDMH  vapors  and  an  excess  of  N2O4 
vapors  combined  were  analyzed  with  a  mass  spectroscope.  Tiiese  gaseesus  products  are  shown  in 
Table  8.1.  An  infrared  absorption  spectrum  of  the  solids  fiom  both  reactions  also  was  obtained  and 
the  predominant  structural  groups  and  their  corresponding  wavelongtha  are  given  in  Table  8.2. 

No  specific  information  is  available  concerning  the  products  of  combustion  of  the  50/50  fuel 
blend  and  the  oxidizer.  Only  theoretical  products  can  be  predicted,  such  as  carbon  monoxide, 
carbon  dioxide,  water,  nitrogen,  and  certain  chemical  radicals. 

TABLE  8.1 


MASS  SPECTROSCOPE  ANALYSES  OF  THE  GASEOUS  PRODUCTS 
OF  REACTION  BETWEEN  EXCESS  N2O4  AND  N2H4  AND 
EXCESS  N2O4  AND  UDMH  AT  20  mm  OF  Hg  AND  77 "F 


Pr<}duct8 

Reactants 

N2H4 
(mole  %) 

UDMH 
(mole  %) 

N2O 

30 

35 

N2 

38 

34 

K2O 

29 

27 

NH3 

2 

0 

HydrocarhoriS 

-- 

4 
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TABLE  8.2 

STRUCTURAL  GROUPS  ASSOCIATED  WITH  ABSORPTION  PEAKS 
IN  THE  INFR  A  RED  ABSORPTION  SPECTR  A  OF  THE 
SOLID  PRODUCTS  OF  REACHON  BETWEEN  N2H4  AND  N2O4 
AND  BETWEEN  UDMK  AND  N2O4  AT  22  ir.m  OF  llg  ANT?  'H'rT 


N2H4 

UDMH 

Wavelength 

“Structural 

Wavelength 

Structural 

(microns) 

Groups 

(microns) 

Croups 

3.0 

N-H  (not  H  bonded) 

2.8 

OH 

3.1 

on  (H  bonded) 

3.2 

NH,  OH 

6.3  1 
r 

e.3  j 

3.4 

C-H 

N-H  (hording) 

5.8 

>  c  =0 

6.2 

-COOH 

6.8 

CH2  or  CH3 

7.2 

R2N-N  ^  0 

7.9 

R2N-N  =  0 

9.6 

R2N-N  =  0 
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appendix 

VENDOR  INDEX  FOR  NOHMET  ALLIC  ivIATEHIAIpS 


CERAMICS 

Saupvfiisei!  47,  31,  and  P-1 
'I'eni'iorfrll  1500 

graphites 

Graphilar  H 
Grapliitar  50 
Johns  Mansville  No.  60 
PLASTICS 

Arnialon  7700.  7700B 
Delrin 

Fluorobestos 
Fluorogreen 
Garlock  900 
Genfltron  GCX3B 
Genetron  XE2B 
Hypalon  20 
Kel-F300 

Kel-F  (unplasticizc-d) 

Lexan 
Marlex  50 
MaiTex  5003 
Moplen 
Mylar 

Nylon  31,  63,  101 
Plexiglass 
Polyethylene  HD 
Polyethylene  (irradiated) 
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Sauerelsen  Cements  Co.,  Pittsburgh,  Fcrinsylvania 
Not  Known 


U.  S.  Graphite  Co.,  Saginaw,  Michigan 
U.  S.  Graphite  Co.,  Saginaw,  Michigan 
Johns  Mansville  Co.,  New  York,  New  York 


DuPont,  Wilmington,  Delaware 

DuPont,  Wilmington,  Delaware 

Fluorocarbon  Company,  Fullerton,  California 

R.  S.  Hughes,  Denver,  Colorado 

Garlock  Packing  Co.,  Culver  City,  California 

Allied  Chemical  and  Dye  Corp.,  New  York,  New  York 

Allied  Chemical  and  Dye  Corp.,  New  York,  New  York 

Dow  Corning  Corp.,  Midland,  Michigan 

Mlimesota  Mining  and  Manufacturing  Co., 

St.  Paul,  Minnesota 

Minnesota  Mining  and  Manufacturing  Go. , 

St.  Paul,  Minnesota 

Dow  Chemical  Co.,  Midland.  Michigan 

niflahnTn}| 

Ptliuips  - 

Phillips  Chemical  Co.,  Bartlesville,  Oklahoma 

Chomore  Corp.,  New  York,  New  York 

DuPont,  Wilmington,  Delaware 

DuPont,  Wilmington,  Delaware 

Rohm  and  Haas  Co.,  Philadelphia,  Pennsylvania 

Visking  Corp.,  Chicago,  lUlnols 

General  Electric,  Pittsfield,  Massachusetts 
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PLASTIC:;  (CONT) 
Polvurnnyl^ne 

Raythene  N 

Srt  1  dii 

T(*flon  Asb'jSios 
Teflon  FEP 
Teflon  Graphite 
Teflon  Molydisulfide 
Teflon  TFK 
Teflon  TFE  Felt 
Teslar  30 
Trithene  A 
Ultron 

BUT  YL  HUDBERS 

Enjay 

268 

551 

Gar  lock  22 
Goshen  1357 
2202 

Linear  7806-70 
Parco  805-70 

Pai'co  823-70 

Parker  8496-7 
Parker  B480-7 
Parker  Atj800-71 
Parker  318-70 
Precision  9257 
Precision  9357 
Precision  214-907-9 
Stillman  613-75 


Canipco  Divi.-ion,  Chieaso  Molded  Products, 
C!;iC3,-;o,  Illinois 

Pay  Chein  Co-ji.  Redwood  City,  Calii'ornta 
Dow  Cheniic.xi  Co.  Midiand,  Michigan 
Fluorocarbon  Cn.,  Fullerton,  California 
DuPont,  Wilmington,  F/daware 
Fluorocarbon  Co,,  Fiiiicrton,  California 
Fluorocarbon  Co.,  Fullerton,  California 
DuPont,  Wiimingtor,  Delaware 
DuPont,  Wilmington,  Delaware 
DuPont,  Wilmingtcn,  Delaware 
Visking  Corp.,  Chicago,  Illinois 
Monsanto  Chemicf-i  Co  .  St.  Louis,  Missouri 


Enjay  Co.,  Inc.,  New  York,  New  York 
Enjay  Co.,  Inc.,  New  York.  New  York 

Garlock  Packing  Co,,  Culver  City,  California 

Goshen  Rubber  Co.,  Inc.,  Goshen,  Indiana 

B.  F.  Goodrich  Chemical  Co.,  Cleveland,  Ohio 

Linear,  Inc.,  Philadelphia,  Pennsylvania 

Plastics  and  Rubber  Products  Co.,  Los  Angeles, 
California 

Plastlce  and  Rubber  Products  Co.,  Los  Angeles, 
California 

Parker  Seal  Co.,  Cleveland,  Ohio 
Parker  Seal  Co.,  Los  Angeles,  California 
Parker  Seal  Co.,  Cleveland,  Ohio 
Hercules  Packing  Co.,  Lancaster,  New  York 
Precision  7.v.bber  Products  Corp.,  Dayton,  Ohio 
Precision  .•  .ober  Products  Corp.,  Dayton,  CMjio 
Precision  Rubber  Products  Corp.,  Dayton,  Ohio 
Stillman  Rubber  Co.,  Culver  City,  California 
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FI.UOROSILICONE  AND  FLUORORUBBERS 


Fluorp! 

Hadbar  a«789-23Gi 
Hadbar  58789-23 
Kel-F3700,  5500 

Parker  1235  Series 
Parker  V- 494-7  (Viton  B) 

Silastic  LS  S3 
Silastic  LS  63 

Stillir.an  Rubbar  EX774-M-1  (Viton  B) 

Stillman  SF  '77-70 
(Viton  A] 

Stillmari  TH  1057 

TFNM-TFE 


Minnesota  Mining  and  Manufacturing  Co., 

St.  Paul,  Minnesota 

Hadbar,  Inc.,  Temple,  California 

Hadbar  Inc.,  Terapie,  CalUornia 

Minnesota  Mining  and  Manufacturing  Co., 

St.  Paul,  Minnesota 

Parker  Seal  Co.,  Los  A.ngeles,  California 
Parker  Seal  Co.,  Cleveland,  Ohio 
Dow  Corning  Corp,,  Midland,  Michigan 
Dow  Corning  Corp.,  Midland,  Michigan 
Balanrol  Corp.,  Niagara  Falls,  New  York 
Balanrol  Corp.,  Niagara  Falls,  New  York 

Stillman  Rubber  Co.,  Culver  City,  California 

U.  S.  Army  Quartermaster  Research  and 
Engineering  Center,  Natick,  Massachusetts 


POLYBUTADIENE  RUBBERS 


Acushnet 
SWK849 
SWK  850 
SWK  851 
BWK422 

Stillman  EX904-90  (Hydropol) 


j 


Acushnet  Process  Co.,  New  Bedford,  Massachusetts 


Stillman  Rubber  Co.,  Culver  City,  California 


MISCELT.ANEOUS  RUBBERS 


Buna  N 

Cohrla.stlc  500 
Neoprene 


B.  F.  Gkrodrich  Chemical  Co.,  Cleveland,  Ohio 
Connecticut  Hard  Rubber  Co.,  New  Haven,  Connecticut 
Delta  Products,  Houston,  Texas 


PAINTS 

Alkyd  No.  4 

Catalac 

Chc;:-Wear 

Co-Polymer  P-200G 

Corrosite  Clear  581 

Epoxy  1,  5,  7,  9,  and  6809 


Not  Knov/n 

Finch  Paint  and  Chemical  Co. ,  Torrance,  California 
Benjamin  Moore  and  Co.,  New  York,  New  York 
Co- Polymer  Chemicals,  Inc.,  Livonia,  Michigan 
Corrosite  Co.,  Chrysler  Buildinig,  New  York,  New  York 
Not  Kiiown 
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r  ri.l-.'i  i  o  yov^i*  i  ^ 

Floor  Eiwiiiel  ill 'I" 
Primer  MiL-  P-68o9 
Friiiier  CA'.1747 
Tygon  K 


1.-  and  Co.,  Buflai.o,  New  York 
Not  Known 

Sberwin  Williams  Co.,  Cleveland.  Ohio 

U.  S.  SUmewHip,  Plastics  and  Synthetic  Division, 
New  York,  Nev/  York 


CO.\TINGS  .AND  ADKESIVCS 

Arnisli'org  A-3 
EC  847 

HT  424 
Rofiki'lux 

FUBRIC.ANTS,  GREASES,  AND  OILS 

Andok  C 
DC  11 
DC  55 

DC  High  Vacuum  Grease 
Drilube  703 
Electrofilm  66C 
Halocarbon  Grease 
Kel-F'  90 

L  till  Oil 

LOX  Safe 

Microseal  100-1,  100-1  CG 
Molykote  Z 
Nordcoseal  147,  421 
Polyglycol  Oils 
QC-2-n093 
QC-2-0026 
Rayco  30  and  32 
Rockwell-Nordstrom  No,  950 


American  Cyanamid  Co.,  Oakiiand,  California 

Minne,sota  Mining  and  Manufacturing  Co., 

St.  Paul.  Minnesota 

No'  Known 

Fiexrock  Co.,  Philadelphia,  Perjisylvanla 


Esso  Standard  OH  Co.,  New  Y'ork,  New  York 
Dow  Corning  Corp.,  Midland,  Michigan 
Dow  Corning  Corp. ,  Midland,  Michigan 
Dow  Corning  Corp.,  Midland,  Michigan 
Drilube  Co.,  Glendale,  California 
Not  Known 

Halocarbon  Products  Corp. ,  Hackensack,  New  Jersey 

Minnesota  Mining  and  Manufacturing  Co., 

St.  Paul,  Minnesota 

Minnesota  Mining  and  Manufacturing  Co., 

St.  Paul,  Minnesota 

Redel  Corp.,  Anaheim,  California 

Microseal  Products  Sales,  Torrance,  California 

Alpha  Molykote  Corp.,  Stanford,  Connecticut 

Rockwell  Manufacturing  Co.,  Pittsburgh,  Pennsylvania 

Dow  Chemical  Co.,  Midland,  Michigan 

Not  Known 

Not  Known 

Not  Known 

Rockwell  Manufacturing  Co.,  Pittsbure^i,  Pennsylvania 
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LUBRICANTS.  GREASES.  AND  OILS^(CONT) 


S#a8-M  Oil 


Now  York  an.'i  .( 
New  York 


3 


TMSF  1,  2,  3 

UDMII  Lube  50/50  Mixture  of 
UDM  Lube 
aud 

Electro  Mechaiaco  No.  20057 


Not  Known 


i 


Superlube,  Inc..  Cl  :  '- 
Electro  Mcch' .il(;  ' 


''// 

/ 


Ur-Mir. 


Vydax  A 


DuPont,  Wil;i' "’I.  ,0 Uv  ^w 


THREAD  SEALANTS  AND  POTTING  COMPOUNDS 


Crystal  M  and  CF 
£pon  020 
Fairpreiie  5150 
N2O4  Sealant 
Paraplex  P-43 
Proseai  793 


i'!' 


PR  1422 

Reddy  Lube  100,  200 
RTV  20 


Not  Known  i  1 

Shell  Chemical  Co.  '-  ir:  '  ra  '  isco,  CStLio'  ’ 

Not  Known  If 

Redel  Corp. ,  Anahe n ,  .  -^li  ii  ■•.if ,j 
Not  Known 

! 

Coast  Proseai  and  14 iru^act’. .  ing  Co.,  i  '}•  ■ 

Los  Angeles,  Calii  rnn.  ^ 

Products  Research  ■>.,  .Varbr.nir,  Calif orr  i,  • 
Redel  Corp.,  Anahef  1,  iBKr  .if,  '/ 

General  Electric  Co  ,  F  nv.u  Id,  Massachu  rjf  j 
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UNCLASSIFIEB 


UNCLASSIFIED 


